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ChapterChapter I 

1.11 Surgery induced dysbalances 

F romrom the moment man started to do surgical interventions, managing 
postoperativepostoperative complications formed a major medical stumbling block. Excessive 
bleedingbleeding could easily be stopped using a white-hot poker, melted pitch, or tying 

off,off, whereas pain could be relieved by prescribing the right dosage of alcoholic 
beverages.beverages. Post-operative infections were complications that could less properly be 
managed.managed. It was not until antibiotic drugs became available in the middle forties of this 
centurycentury that infectious complications could successfully be battled. Although the 
associationassociation between a violated epithelial barrier and microbial infection had already 
beenbeen made decades before the introduction of antibiotics, it was in the early seventies 
ofof the 20th century that a connection between invasive interventions and disturbances 
inin immune responsiveness were made. It became apparent that surgery not only caused 
infectionsinfections by severing defensive borders, but that an additional hazard to infection is 
offeredoffered in the form of a more or less crippled immune system. Additionally, another, 
notnot to be underestimated adverse effect of surgical interventions, had been observed 
roughlyroughly forty years earlier: the post-operative hypermetabolic state. Following injury, 
likelike surgery or trauma, the defensive system is weakened in parallel with significantly 
enhancedenhanced caloric demands in otherwise metabolically vulnerable patients. 
PostoperativePostoperative immunosuppression and hypermetabolism are potentially hazardous 
phenomena,phenomena, since infectious complications and a sustained catabolic state account for 
highhigh rates of postoperative morbidity and mortality and are both associated with 
prolongedprolonged hospital admission and morbidity. 

TheThe pathophysiology of both immunosuppression and hypermetabolism can partly be 
explainedexplained by cytokine release, which may interfere with an appropriate regulation of 
thethe immunological and metabolic systems. In the next paragraphs of this chapter, the 
rolerole of cytokines -with a focus on interferon-gamma- on the metabolic and immune 
systemssystems will  be elucidated. In this chapter, the term "stress " should be interpreted as a 
"circumstance"circumstance in which physical pressure forcefully influences regulatory systems ". 
UsuallyUsually this term reflects to postoperative, trauma or septic patients. 
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GeneralGeneral introduction 

1.22 Metabolic and endocrine response to illness 

1.2.11.2.1 Hormonal and metabolic responses in severe illness 
Severee illness (i.e. trauma, surgery, sepsis) alters metabolism in a predictable manner. 
Ass described by Cuthbertson in 1932, the metabolic response to stress is characterized 
byy an early hypometabolic ebb phase, subsequently followed by an hypermetabolic 
flowflow phase (1,2). The ebb phase is clinically characterized by hemodynamic instability 
withh changes in energy metabolism and turbulent neuroendocrine alterations (3). The 
meann duration of this situation depends on the severity of the stress but lasts roughly 
aroundd 12 to 24 hours (3,4). Subsequently, patients enter a more stable flow phase, 
characterizedd by a metabolic activity above baseline levels and typically enhanced 
nitrogenn excretion, reflecting excessive protein breakdown. The magnitude and 
durationn of the flow phase vary with the severity of the injury (2,3). 

SevereSevere illness induces alterations in glucose-, fat- and protein metabolism. Also, 
severalseveral endocrine systems are influenced. In this thesis, studies on metabolism are 
limitedlimited to glucose and lipid metabolism. Parameters of the endocrine system studied in 
thisthis thesis concern those of the hypothalamic-pituitary-adrenal (HPA) axis, the 
hypothalamic-pituitary-thyroidhypothalamic-pituitary-thyroid (HPT) axis and the most important glucoregulatory 
hormones. hormones. 

1.2.21.2.2 Alterations in glucose metabolism in severe illness 
Hyperglycemiaa and enhanced glucose production are common findings in metabolic 
responsee to trauma and sepsis (3-6). The pathogenesis of hyperglycemia in severe 
illnesss is only partly understood (6). Elevation of plasma glucose levels result from 
increasedd glucose production and/or decreased glucose consumption. In septic patients 
forr instance, glucose production can be twice as high as in normal subjects, but is 
easilyy suppressible with only slightly higher insulin concentrations than those required 
inn healthy subjects (7), which suggest at least moderate insulin resistance at the hepatic 
levell  (8). The increase in glucose output is not matched by an equal increase in glucose 
utilization,, although basal glucose uptake is higher during septic states than in healthy 
humanss (7,8). Euglycemic clamp studies in postoperative patients and patients with 
acutee infections, suggest a defect in the non-oxidative disposal in insulin-dependent 
tissuess under these circumstances (9,10). In contrast to hyperglycemia, however, 
hypoglycemiaa can also be found in severe sepsis (7,11,12). Whether inhibition of 
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glucosee production or exaggerated glucose consumption explains the pathophysiology 
off  a low plasma glucose concentration is not known. Counterregulatory hormones do 
nott seem to play a role under these conditions (3,6). 

1.2.31.2.3 Alterations in lipid metabolism in severe illness 
Althoughh endogenous glucose production is often enhanced following injury or during 
sepsis,, fat rather than carbohydrate is the major fuel oxidized under these 
circumstancess (13,14). Increased glycerol turnover, reflecting increased lipolysis, 
accountss for the major change in lipid metabolism during severe illness (14,15). This 
responsee to physical stress can only partly be reduced by insulin infusion, pointing to 
insulinn resistance of adipose tissue (16). Altered lipolysis can be explained from 
elevatedd catecholamine- and growth hormone levels and non endocrine mediators 
(17,18). . 

1.2.41.2.4 Mediators of the metabolic response to severe illness 
TheThe classical pathways 

Untill  the late 1980's, the primary pathophysiological factor in the metabolic 
responsee to injury was thought to be restricted to the neuroendocrine system (4). 
Accordingg to this theory, the onset of the stress response starts with activation of the 
afferentt neural system: blocking of the pain- sympathetic- and other afferent pathways 
onn the central nervous sytem (CNS) level during surgical procedures prohibits a 
peroperativee effect on glucose concentrations and Cortisol release (3). Within the CNS, 
especiallyy the HPA-axis controls the stress response. In the brain, a number of 
biologicall  active peptides co-ordinate endocrine and sympathetic responses which may 
bee essential to maintain homeostasis (3,19). After activation of the CNS, adrenals can 
bee stimulated directly, via efferent nerves, to induce the release of catecholamines, and 
indirectly,, via the anterior pituitary, to induce the release of Cortisol (20). 

GlucoregulatoryGlucoregulatory hormones 
Cortisol Cortisol 
Duringg stress, corticotrophin releasing hormone (CRH) is released from the 
hypothalamuss into the portal circulation between the hypothalamus and the pituitary. In 
thee pituitary gland CRH induces the release of adrenocorticotropic hormone (ACTH), 
whichh is the primary stimulus for glucocorticoid production and secretion. 
Glucocorticoids,, produced by adrenal cortex cells, are the final effector hormones of 
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thee HPA axis. Glucocorticoids induce a negative feedback signal on CRH and ACTH 
synthesiss and secretion at several HPA axis levels. During situations of stress, 
corticosteroidss play an important role in the altered neuroendocrine functions, glucose 
homeostasiss and immune responses. Both altered corticosteroid bioavailability as well 
ass changes in target tissue sensitivity control the tissue corticosteroid responsiveness 
(21). . 
Catecholamines Catecholamines 
Plasmaa catecholamines are elevated promptly following stress and reflect the body's 
"fightt or flight" response (3,4). Epinephrine, released from the adrenal medulla via 
neuroendocrinee activation, increases cardiac output, blood pressure and muscle and 
splanchnicc blood flow, while reducing renal and skin blood flow. Norepinephrine, 
however,, released by nerve endings, increases peripheral resistance, thereby also 
inducingg increased blood pressure. Catecholamines contribute together with other so 
calledd counter-regulatory hormones (Cortisol, glucagon, growth hormone) to the 
increasedd metabolic rate observed after stress and alterations in carbohydrate and fat 
metabolismm (5). 
Insulin,Insulin, glucagon, growth hormone 
Viaa diverse neural and hormonal efferent pathways, other glucoregulatory hormones 
cann be released. Glucagon stimulates glycogenosis and gluconeogenisis by regulation 
off  enzyme activity in the liver, whereas growth hormone, like Cortisol, increases 
glucosee production by inducing hepatic resistance to insulin. 
Levelss of the anabolic hormone insulin, which inhibits glucose production and 
stimulatess peripheral glucose uptake, are not or only slightly increased during stress. In 
contrast,, as mentioned above, acute illness reduces insulin sensitivity (3). Therefore, 
tissuee injury alters the balance between anabolic and catabolic hormones. 

TheThe above described hormonal mediators, however, do not seem to be fully responsible 
forfor the metabolic alterations as observed after stress. Infusion of a combination of 
Cortisol,Cortisol, glucagon and epinephrine only reproduced in part the metabolic alterations 
asas seen after injury (22). Moreover, several of these mediators return to baseline levels 
withwith the onset of the flow phase (4). Therefore, other factors seemed to play a role in 
thethe pathophysiology of the metabolic response to stress (3). 
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1.33 Cytokines 

Cytokiness are mediators with an extensive spectrum of influences on different systems 
whichh could account for several aspects of the stress induced metabolic alterations (23-
25).. Numerous studies in animals and humans display their role in catabolic alterations 
(26-30).. In addition to direct effects of circulating cytokines on metabolism-regulating 
cellss like hepatocytes, cytokines also indirectly act on metabolism via regulatory 
centerss like the central nervous system (25,31-33). Additionally, cytokines can 
influencee metabolic pathways in a paracrine manner (6). In the next paragraph an 
overvieww on effects of cytokines on human metabolism and metabolism regulatory 
pathwayss is given. 

1.3.11.3.1 Cytokines, introduction 
Cytokinee release is part of normal physiology. Stimulatory or inhibitory effects of 
cytokines,, which are released by diverse cell types amongst which leukocytes, extend 
fromfrom autocrine to paracrine and even systemic effects (34). Injury, and in particular the 
acutee phase response, vigorously stimulates their production (35). As a group of potent 
mediatorss of communication between cells, their release is generally part of a balanced 
andd tightly programmed response to hostile violation of the body's integrity (34,35). 
Ass with many other acute phase response mediators, however, inappropriate 
productionn and high systemic concentrations of cytokines may have detrimental 
influencess on regulatory pathways and tissue organization (5,35-37). 

CytokinesCytokines vs. hormones 

Hormones:: Until the late fifties hormones were considered to be a solitary class of 
uniquee mediators, which lacked a conceptional equal. The hormonal system as being 
definedd by then, is nowadays referred to as "classical". According to the classical 
definition,, hormones are characterized as biomolecules, produced by specialized cells 
andd secreted from ductless glands directly into the bloodstream, acting on distant target 
tissuess and regulating pre-existing cellular activities. More recent insights in inter- and 
intrasystemm communication, however, made clear that the classical definition of 
hormoness falls short, in being too narrow at one side, and being too broad at the other 
(32).. C02 for instance -not commonly considered as a typical hormone- fits within the 
previouss "classical" definition since C02 is excreted from muscle cells and influences 
respiratoryy regulating centers (32). Also, free fatty acids, released by adipocytes, can 
act,, via a nuclear receptor, on the gene expression in distant cells (38). On the other 
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hand,, the classical definition disregards the fact that several classical hormones are 
producedd by non-endocrine cells, and moreover, may act at local levels. Prolactin, for 
instance,, is predominantly produced by anterior pituitary cells, but can also be 
producedd by leukocytes, thereby influencing local leukocyte activation status (39,40). 
Att the boundaries of the definition of classical endocrine mediators, characteristics of 
hormoness and cytokines start to overlap. 
Cytokines:: Cytokines are produced by different cell types, of which cytokine 
productionn is at least not their primary task. In early studies, cytokines were called after 
thee (immune-) cells by which they were produced, i.e. lymphokines were produced by 
lymphocytes,, and monokines by monocytes/macrophages (34). This subclassification 
illustratess the -at present obsolete- idea, that cytokines are molecules related strictly to 
thee immune system. Later insights clarified that cytokines could be produced by and 
actt on a variety of non-imunological cells too (32). 
Cytokiness are typically characterized by their pleiotropic and redundant capacities; one 
cytokinee can exert several different effects on a variety of target cells and each 
cytokinee overlaps in its effects with other cytokines (41). Although some classical 
hormoness possess comparable characteristics, both pleiotropy and redundancy are less 
outspokenn as compared to cytokines. Another specific habitat of cytokines is their level 
off  action. Far more intense than classical hormones, cytokines possess autocrine and 
paracrinee effects (34). IFN-v, for instance, can stimulate its own secretion by activated 
lymphocytess (42). Moreover, after production by neighbor lymphocytes IFN-y is of 
considerablee importance during maturation of yet undifferentiated leukocytes (43). 
Presumably,, micro-environmental cytokine signaling and stimulation of processes like 
maturation,, differentiation and cell killing, can be of far more importance than 
systemicc effects of cytokines. In this respect, cytokines differ from classical hormones, 
off  which distant signaling is still thought to be the primary hallmark. However, also 
thiss distinction between cytokines and hormones is not fundamental, since for 
hormoness autocrine influences have recently been reported (44). Finally, hormones and 
cytokiness act through similar types of receptors like those of the superfamily of 
cytokinee receptors, like interferon, growth hormone (GH) and leptin receptors. In 
conclusion,, as a result of the complexity of the interactions between molecules, cells 
andd organs, the mechanisms of action of the body can not be explained when regarding 
itss systems as separate elements (45). 

SimpleSimple extrapolation of data obtained from rodents to humans is not allowable, since 

allall  kinds of processes in rodents occur differently in humans (46). In this thesis, the 

mainmain focus is therefore on studies in humans. Most human studies on effects of 

cytokinescytokines on metabolic and endocrine regulation are limited to tumor necrosis factor-a 
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(TNF-a),(TNF-a), interleukin-1 (IL-1), IL-2, IL-6 and IFN-OL. The focus in this thesis is 
thereforetherefore mainly on these cytokines. 

1.3.21.3.2 Cytokines and afferent pathways. 
Numerouss in vivo studies displayed effects of the administration of cytokines on 
severall  indices of the HPA-axis (47,48). Data on activation and release of the other 
classicall  glucoregulatory hormones are rather scarce (49). Also, data about research on 
thee effects of cytokines on the regulation of glucose and fat metabolism are limited. 
Therefore,, the next discussion is primary pointed at the effects of cytokines on the 
HPA-axis. . 

Cytokiness predominantly induce stimulatory effects on indices of the HPA-axis in 
humanss in vivo. Unanimously, IL-l a and/or IL-i p (50-52), TNF-a (53-55), IL-6 (56-
59)) and type I (60-65) and II interferons (66-68) induce high till intermediate Cortisol 
levels.. Although not all studies present data on the pituitary itself, increased Cortisol 
releasee is associated with enhanced levels of ACTH in plasma after cytokine 
administration.. However, the effects of IFN-y on the endocrine system are not 
unequivocall  in this respect. Studies on synergistic actions of these cytokines have not 
beenn performed in humans. Therefore, observations from animal in vivo studies in 
whichh combined infusion of several of these cytokines have an additive effects on 
HPA-axiss parameters, have not been confirmed in humans (69). Moreover, the 
suppressivee effect of the anti-inflammatory cytokine IL-4 on HPA-axis in animals in 
vivoo has not been studied in humans (70). An inhibitory effect of a cytokine on human 
Cortisoll  release has been reported for IL-10, which suppresses the endotoxin-induced 
increasee in Cortisol (71). 

Thee mechanism via which cytokines act on the human pituitary is not clear. It is 
assumedd that cytokines, transported via the systemic circulation, enter the anterior 
hypothalamuss (48,72). Another theory favors a route in which cytokines act on afferent 
nervess (73). Irrespective from the way cytokines act on the CNS, cytokines seem 
consistentt in their direct stimulatory effect on mammalian peripheral endocrine organs; 
IL-2,, IL-3, IL-6, and IFN-cc for example, are able to directly stimulate glucocorticoid 
productionn by adrenal zona fasciculata and zona reticularis cells (47). In addition to the 
HPA-axis,, cytokines also exert effects on another important metabolism-modulating 
systemm which is regulated by the hypothalamus; the HPT-axis. Administration of IL-6, 
TNF-aa and IFN-a to humans profoundly alters thyroid hormone metabolism indices 
(see§§ 1.3.5) (74-76). 
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Moreover,, cytokines seem persistent on their effects on important glucoregulatory 
hormones:: TNF-oc, IL-6 and IFN-a all increase glucagon release in humans in vivo, 
withoutt any relevant influences on plasma insulin levels; only IFN-a induces a modest, 
late,, increase in insulin levels as compared to controls (55,58,62). 

7.3.33 The hormone-independent effects of cytokines on metabolism 
Anotherr way cytokines influence metabolic pathways, is via hormone-independent 
effects.. Administration of TNF-a, IL-6 and IFN-a induce an increase in lipolysis and 
freefree fatty acids (FFA) turnover (55,58,62). During TNF-a and IFN-a administration 
thiss phenomenon was paralleled -and thus possibly induced- by elevated levels of 
catecholamines.. IL-6 administration to cancer patients, however, seemed to affect 
lipolysiss also independently from a norepinephrine-mediated mechanism: besides an 
earlyy increase in lipolysis that was paralleled by elevated catecholamine levels, an 
additionall  lipolytic effects seemed to be induced by IL-6 independently from 
catecholamines.. Human glucose metabolism is unanimously affected by TNF-a, IL-6 
andd IFN-a. All cytokines induce an increase in glucose production. Despite a 
comparablee increase in glucose production, there are differences between the cytokines 
onn glucose metabolism on peripheral tissues, since IL-6 administration did not affect 
glucosee levels, indicating enhanced peripheral glucose uptake, whereas TNF-a showed 
elevatedd plasma glucose levels, suggesting a decrease in peripheral insulin sensitivity. 
Finally,, IFN-a did not influence peripheral glucose metabolism at all. 
Thesee discrepancies between the effect of the different cytokines on certain metabolic 
pathwayss are not found in all pathways. By example administration of TNF-a, IL-6 
andd IFN-a to humans caused, without exception, an hypermetabolic state with an 
increasee in resting energy expenditure of about 25-35% (55,58,62). 

13.413.4 Illness and thyroid hormone metabolism 
ThyroidThyroid hormone metabolism 
Thee HPT axis is another pivotal endocrine system in the regulation of metabolism that 
iss influenced by illness and stress. Physiologically, the production and release of 
thyroidd hormones by the thyroid gland is stimulated by the pituitary derived thyroid-
stimulating-hormonee (TSH), which is, on its turn, released after stimulation by the 
hypothalamicc thyrotropin-releasing hormone (TRH). 

TSH,, synthesized by anterior pituitary thyrotropic cells, binds to its receptor on the 
thyroidall  plasma membrane. Subsequently, thyroidal iodine uptake is stimulated, as 
welll  as thyroid hormone synthesis and release. Thyroxine (T4) is the primary product 

19 9 



ChapterChapter 1 

off  the thyroid and serves as a pro-hormone of triiodothyronine (T3). T3, the active 
formm of thyroid hormone, is also secreted directly by the thyroid, but forms only 20% 
off  the total daily T3 production in humans. The remaining 80% is derived from 
peripherallyy T3 converted from T4 by 5'deiodination. The peripheral 5'deionidation 
accountss for 95% of the daily rT3 production, whereas the remainder is derived 
directlyy from the thyroid gland. The principal role of T3 is stimulation of growth and 
regulationn of several metabolic processes in different tissues. 

EuthyroidEuthyroid Sick Syndrome 

Duringg illness, changes occur in the pathways controlling thyroid hormone 

metabolism;; there is a strong association between pathological circumstances, amongst 

whichh surgery (77), and changes in serum thyroid hormone levels (78). These 

alterationss consist of decreased plasma levels of tri-iodothyronine (T3), increased 

levelss of reverse T3 (rT3) and changes in plasma thyroxine (T4), the latter being lowest 

inn patients with the poorest prognosis (79,80). Thyroid stimulating hormone (TSH) 

levelss usually remain normal, but may be decreased or slightly elevated (81). This 

phenomenonn is referred to as the euthyroid sick syndrome (ESS) or nonthyroidal 

illnesss (NTI). 

1.3.55 Cytokines and ESS 

Cytokiness are considered to be involved in the pathogenesis of the euthyroid sick 

syndromee (82,83). For instance, administration of TNF-a, IL-2, IL-6 as well as IFN-oc 

too humans induces acute alterations in thyroid hormones resembling those seen in the 

euthyroidd sick syndrome (83). Moreover, there is a relation between the severity of the 

euthyroidd sick syndrome and plasma cytokine levels (84). IL-6 for instance, accounted 

forr 28% of the variation in serum T3 in a group of hospitalized NTI-patients (84). 

Finally,, additional support for at least a partial role of cytokines in the development of 

thee euthyroid sick syndrome is provided by the observation that the decrease in serum 

T33 induced by lipopolysaccharide (LPS) in IL-6 knockout mice is smaller than in wild 

typee mice (85). 

InIn conclusion, the metabolic and endocrine response to trauma and sepsis resides only 

partlypartly under neuroendocrine control. Release of hormones and additional direct 

modulationmodulation of the metabolic systems seem to be mediated by other factors, amongst 

whichwhich cytokines. The different cytokines display individual influences on glucose and 

lipidlipid  metabolism and endocrine pathways. Similarities between the different cytokines 
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consistconsist of the induction of an increase in energy metabolism and changes in thyroid 
hormonehormone metabolism that resemble those seen in the eyihyroid sick syndrome. 

1.44 Interferon-gamma and the interferon-gamma receptor 

1.4.11.4.1 Interferon-gamma 
Interferonss were identified in the late fifties and described as factors with protective 
propertiess against viral infection of cells (86). It was this antiviral role -interference 
withh infection- that accounted for the name of this group of proteins (86). The family 
off  interferons consists of IFN-a, IFN-fS and IFN-y. IFN-a (leukocyte interferon) and 
IFN-J33 (fibroblast interferon) and their subclasses, are collectively called type I 
interferons,, whereas IFN-y, first described in 1965, is called a type II or immune 
interferonn (87,88). 
Thee human IFN-y gene is 6 kb in size and located on chromosome 12. Biologically 
activee IFN-y is a 34 kDa homodimer which is stabilized by noncovalent forces (89). 
Thee symmetry in its structure allows for IFN-y to bind a pair of identical receptor 
peptides. . 

Althoughh IFN-y can be synthesized by several -adequately stimulated- cell types, the 
primaryy producers of IFN-y are subpopulations of activated T-lymphocytes, in 
particularr T helper 1 (Thl) cells and CD8+ cells and activated natural killer (NK) -cells 
(42).. In vitro and in vivo, IFN-y production requires (co-) stimulation with other cells 
(likee monocytes) or other cytokines, like TNF-ot, IL-2, IL-12 or IL-18 (formerly known 
ass Interferon Gamma Inducing Factor, IGIF or IL-ly ) (42,90). Exceptions, however, 
aree stimulants like phytohemagglutinin (PHA) and staphylococcal enterotoxin B 
(SEB),, which are able to induce IFN-y without co-stimulation of other cells and 
cytokiness (91). Synergism of stimulants in the induction of IFN-y plays an import role. 
InIn vivo, in healthy humans, IFN-y levels in plasma often do not exceed the lower limit 
off  detection of modern ELISA' s. In pathological, circumstances however, for example 
inn bacterial, viral and parasitic infectious diseases and during autoimmune reactions, 
IFN-yy levels may be considerable increased (92-99). However, endotoxin 
administrationn to humans does not induce circulating levels of IFN-y, in contrast to 
studiess in rodents and primates (100,101). 
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Thee diversity in biological effects induced by IFN-y is immense. Although this is not a 
uniquee property of IFN-y, but rather a general feature of cytokines, IFN-y is a typical 
examplee of a cytokine with many pleiotropic and redundant properties (41,42,102). In 
thee case of IFN-y, these functions may vary from well-known effects on certain 
immunologicall  pathways to less clearly defined influences on the central and 
peripherall  levels of the HPA-axis. 

1.4.21.4.2 Interferon-gamma receptor 
IFN-yy receptors are expressed on nearly all cells with the possible exception of mature 
erythrocytes,, and display strict species specificity in the ability to bind to IFN-y (103). 
Thee receptor consists of two matched polypeptide chains (a and P), which do not 
stronglyy pre-associate with one another in unstimulated cells. Each intracellular domain 
associatess specifically with JAK1 and JAK2. Binding of the IFN-y homodimer with 
twoo a-chains results in the association of the two (3-chains with the IFN-y-receptor-oc-
chainn complex and subsequently activation of the JAKs. The receptor activated JAKs 
formm a docking site for two STAT1 proteins, which become activated by receptor 
boundd kinases. The phosphorylated STAT1 proteins dissociate from the receptor, form 
aa homodimer and translocate to the nucleus in which they bind to a gamma activated 
sitee (GAS) of IFN-y-inducible sites and stimulate their transcriptionn (102,104,105). 

1.55 Interferon-gamma: effects on metabolic and endocrine pathways 

1.5.11.5.1 IFN-y and wasting 
IFN-yy is a cytokine which is generally considered to be part of the pro-inflammatory 
cascadee (26,35,106). Surprisingly littl e is known about its effects on metabolic and 
endocrinee pathways in humans. This might partly be explained by the fact that general 
interestt in IFN-y as part of the pro-inflammatory response mediators in humans 
developedd relatively late as compared to that in cytokines like TNF-a, IL-1 and IL-6, 
off  which systemic levels are rather high under inflammatory circumstances (96,107). 
Moreover,, IFN-y was initially solitary associated with specific antiviral properties (86). 
Sincee studies in humans are scarce, some data from animal in vivo studies are provided 
inn this paragraph. 
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AA role for IFN-y as mediator of metabolic alterations during illness is derived from in 
vitrovitro and animal in vivo studies. The question whether "IFN-y is more a cachectin than 
TNF""  as asked by Billiau et al. (108), illustrates the observation that in line with TNF-
a,, which was initially known as cachectin, also IFN-y is strongly associated with loss 
off  weight. Data from several animal experiments showed that in cancer and sepsis 
modelss IFN-y plays an important role in the induction of cachexia (109,110-112). In 
humans,, long term treatment with high dose IFN-y of cutaneous T-cell lymphoma, 
inducedd loss of weight (113). This phenomenon had also been observed in phase I 
studies,, in which cancer patients were treated with high dosages of IL-2 and/or IFN-J3. 
Inn these studies no data were provided on food intake or metabolic rates, which prevent 
conclusionss about direct metabolic effects of IFN-y (114,115). Nevertheless, studies in 
animalss and humans suggest that effects on wasting as induced by IFN-y are 
comparablee to those induced by TNF-a and raise the question whether IFN-y is an 
importantt modulator of metabolic pathways in human disease. 

1,5.21,5.2 IFN-y and lipid and glucose metabolism 

Thee pathophysiological mechanism by which IFN-y induces effects on metabolic 
pathwayss are largely unresolved. Metabolic effects of IFN-y in vivo in humans are 
anecdotallyy mentioned, whereas data in animals are scarce. 
Administrationn of a high dose of IFN-y increased levels of triglycerides and inhibited 
lipoproteinn lipase activity without effect on cholesterol levels in cancer patients (116), 
aa pattern that had also been observed in vivo for other cytokines, amongst which TNF-
occ and IL-6 (117). Additional data on effects of IFN-y on lipid metabolism concern 
studiess in rodents in vivo and in vitro. In mice, it was demonstrated that IFN-y increase 
hepaticc cholesterol synthesis, whereas in cultured 3T3-L1 cells, IFN-y altered 
lipoproteinn lipase activity (118,119). Furthermore it was observed that IFN-y increased 
lipolysiss in cultured adipocytes (27,120). These data however, give no clue about 
potentiall  hypermetabolic effects of IFN-y in humans. 

Too our knowledge, studies about direct effects of IFN-y on glucose metabolism are not 
publishedd except for a case report on a renal cancer patients suffering from inexplicable 
hyperglycemiaa (glucose >30mm/l) during IFN-y treatment (122). 
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1.5.31.5.3 IFN-y and endocrine pathways 
HPHP A axis 
Endocrinee pathways, involved in metabolic regulation, seem to be affected by IFN-y. 
Threee studies on hormones of the HPA-axis have been performed in humans in vivo. In 
cancerr patients (66,68) and in healthy volunteers (67) IFN-y induced a wide range of 
effectss on Cortisol, diverging from minimal to extensive changes in plasma levels. It is 
unclear,, however, whether these effects on plasma Cortisol are induced directly by IFN-
yy or via ACTH, since in only two of the three human studies a significant increase in 
plasmaa ACTH levels was measured (66,68). Direct IFN-y-induced ACTH release is 
supportedd by data from ex vivo and in vitro studies, although mainly concerning animal 
models.. In pituitary adenoma cells, derived from patients with Cushing's disease, EFN-
yy stimulation increased ACTH production (123), which points at susceptibility of 
humann pituitary tissue to IFN-y. In addition, studies in rat pituitaries and 
hypothalamus-pituitary-unitss demonstrated that relatively high levels of IFN-y could 
enhancee ACTH release (124,125) A more diverse effect was measured in rat 
corticotrophs,, in which IFN-y prolonged stimulation with IFN-y inhibited POMC 5' 
promoterr expression (126), which is in line with studies in which long lasting IFN-y 
stimulationn inhibited ACTH release from rat anterior pituitary cultures (127,128) 
However,, since in vitro IFN-y does not stimulate direct Cortisol release in adrenal cells 
(129,130)) it is most probable that the in-vivo effect of IFN-y occurs via ACTH. 

Studiess on a role of IFN-y on insulin production are limited to in vitro studies on 
pancreaticc p-cells, since there is evidence that IFN-y plays an pivotal role in the (auto-
immune)) destruction of these cells during the development of type I Diabetes (131). No 
effectss of IFN-y on glucagon release have been reported. Also, to our knowledge, no 
studiess exist on effects of IFN-y on other counterregulatory hormones. 

ThyroidThyroid hormone 
AA possible interaction between IFN-y and thyroid hormone metabolism has been 
suggested.. First, increased IFN-y levels can be detected in patients suffering from 
nonendocrinee infectious diseases that are associated with the euthyroid sick syndrome 
(99).. Additionally, in vivo studies in animals support a prominent role of IFN-y as 
mediatorr in the pathogenesis of the euthyroid sick syndrome. IFN-y administration to 
mice,, for instance, mimicked several aspects of the euthyroid sick syndrome (132). 
Moreover,, diverse effects of IFN-y on thyroid hormone metabolism in thyroid cells in 
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vitrovitro are reported (133-136). In humans, only in patients with chronic hepatitis B 
effectss of long term IFN-y treatment on thyroid hormone indices have been studied. In 
thesee patients rhlFN-y did not influence thyroid hormone indices (137). Since IL-6 
administrationn to patients only resulted in ESS-like thyroid hormone alterations during 
shortt term but not after prolonged treatment, this study in patients with hepatitis B, 
withh only long-term follow up after IFN-y, does not exclude acute effects of IFN-y on 
thee HPT-axis (76). 

InIn conclusion, concerning the effects on metabolic pathways, the pro-inflammatory 
cytokinecytokine IFN-y is regarded to play a comparable role as inflammatory mediators like 
TNF-OLTNF-OL However, detailed data on metabolic effects of IFN-y in animals are scarce 
andand virtually absent in humans, whereas -if reported- influences on the endocrine 
systemssystems in humans are unequivocal. 

1.66 The role of the immune system 

ViolationViolation of the integrity of epithelial barriers by surgical interventions or trauma 
impairsimpairs the first and major line of defense against pathogens. The immune system is 
putput in charge with the task to control and execute the antimicrobial host defense 
againstagainst pathogens that could easily enter the body via the artificial "porte d'entree". It 
consistsconsists of two general systems to fulfil  this task: innate immunity and acquired (or 
specific)specific) immunity. Both systems are indispensable for an appropriate immune 
responseresponse and need tight cooperation for an efficient reaction against pathogens. 
Moreover,Moreover, once the antimicrobial defense is started, the host starts another series of 
reactionsreactions to prevent ongoing tissue damage, help to isolate and destroy infective 
organismsorganisms and activate repair processes; a set of reactions known as the acute phase 
response. response. 

1.6.11.6.1 Leukocytes involved in the immune response. 
Thee main leukocytes playing a role in innate immunity are neutrophilic granulocytes, 
whereass lymphocytes are of major importance in acquired immunity. 
Monocytes/macrophagess play a role in both innate and acquired immunity. 
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Neutrophilicc granulocytes comprise from 40 to 70% of the total white cell count 
underr normal conditions and the circulating pool represents 2% of all neutrophils. 
Neutrophilicc granulocytes usually form the first defensive mechanism after microbiotic 
invasionn of body tissues. After having been attracted to a site of inflammation by 
chemotacticc mediators like IL-8, neutrophilic granulocytes phagocytose and lyse 
inflammatoryy particles and/ or degranulate and subsequently die, leaving debris in the 
formm of pus. Activation of neutrophilic granulocytes can be monitored by measuring 
celll  membrane Fey receptor expression. FcyRIIa (CD32) and FcyRIIIb (CD 16) are 
constitutivelyy expressed and bind monomelic IgG with low avidity, but can highly 
efficientlyy bind immune complexes containing multiple IgG molecules. FcyRI (CD64) 
however,, binds monomelic IgG with high affinity, but is mainly expressed after 
activationn with IFN-y or growth factors. Activation of neutrophils by IFN-y or other 
mediatorss may result in phagocytosis of particles and subsequently lysis or generation 
off  reactive oxygen and degranulation of several types of granules(138). Inappropriate 
orr abundant release of these granules during infection or sepsis may harm in stead of 
protectt the host. 

Oncee recruited from the bone marrow, monocytes migrate through the peripheral 
bloodd compartment, in which they circulate from 1-3 days, into a vast extravascular 
pool.. Here, they differentiate and mature into macrophages (i.e. Kupffer cells, 
osteoclasts,, microglia), the functional cells of the lineage. Monocytes are 
phenotypicallyy characterized by the expression of CD14 (the major receptor for LPS, a 
lineagee specific molecule) and Fc receptors. Apart from cytokine production, major 
immunomodulatoryy properties of monocytes-macrophages are their capability to 
processs and present antigens to T-lymphocytes. IFN-y is a potent monocyte activator, 
increasingg monocyte HLA-class II expression by acting on many different genes and 
enhancingg killing via activation of the NADPH oxidase and iNOS pathways, thereby 
producingg reactive oxygen and nitrogen (105). 

1.6.21.6.2 Human Leukocyte Antigens 

Humann leukocyte antigens (HLA) are a group of structurally and functionally related 

geness encoded in the major histocompatibility complex (MHC) and function in the 

presentationn of antigenic peptides to the immune system. Distinct structural and 

functionall  groups have been designated MHC class I and II , in humans: HLA class I 

andd II . HLA Class I antigens consist of three main loci: A,B an C. These antigens are 

expressedd on all nucleated cells and platelets. MHC class II molecules are divided in 

threee groups, HLA-DR, HLA-DP and HLA-DQ, of which HLA-DR is the most 

immunogenic.. Both class I and class II molecules present peptide fragments of foreign 

antigenss to subpopulations of T-lymphocytes. Antigens that arise in the cytosol and are 

processedd via the endogenous antigen-presentation pathway are cleaved into small 
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peptidess by the proteasome, a complex of proteases. From the proteasome, antigen 

peptidee fragments are transported into the lumen of the endoplasmic reticulum by TAP 

proteinss (transporters associated with antigen processing). MHC class I molecules 

physicallyy associate with cytosolic peptides in the membrane of the endoplasmic 

reticulum.. Subsequently, peptides associated with class I molecules are exported to the 

Golgii  apparatus and brought to the cell surface. Here, the peptides can be recognized 

byy CD8+ T cells. Antigens that are taken up from the extracellular space, however, 

enterr intracellular acidified vesicles and are degraded by proteases into peptide 

fragments.fragments. Intracellular vesicles containing MHC class II molecules fuse with peptide-

containingg vesicles, thus allowing peptide fragments to physically bind to MHC class II 

molecules.. Peptide-MHC class II complexes are then directed to the cell surface at 

whichh they can be recognized by CD4+ T cells. 

Lymphocytess are long living cells and account for specific recognition of foreign 
antigenss and immunological memory. In accordance with neutrophilic granulocytes, 
theirr circulatory populations consists of only 2% of the total body population. Two 
majorr populations can be distinguished: B-cells and T-cells. Using products of the 
RAG11 and RAG2 genes, both B and T cells rearrange V, D and J elements of their 
immunoglobulinn and T cell receptor genes respectively to create different clones that 
expresss distinct receptors. 
B-cells,, the representatives of the humoral immune response, produce and express 
immunoglobuliness (Ig), molecules that function as B cell antigen receptors in a 
complexx of Ig-associated a and P signalling molecules and are capable of recognizing 
andd proliferating to whole and unprocessed native antigens. Besides production of 
antibodies,, B cells serve as antigen presenting cells (APC) and are highly efficiënt at 
antigenn processing. Antigen-dependent B cell maturation to plasma cells is driven by 
thee interaction of antigen with B cell Ig, leading to memory B cell induction, plasma 
celll  formation and Ig class switching, the latter being affected by IFN-y (102). 
T-cellss constitute 70 to 80 percent of normal peripheral blood lymphocytes and are the 
primaryy effectors of cell-mediated immunity. The majority of peripheral T cells 
expressess the T-cell receptor (TCR) a$ chains and differentiate into either CD4+ or 
CD8++ cells. T-cells expressing TCRy8 chains form a minor population and their 
functionn is not fully known. Mature CD4+ TCRa[J+ cells recognize peptides in the 
contextt of MHC II molecules and induce B-cell differentiation and CD8+ cytotoxic T-
celll  proliferation. CD8+ TCRccP+ T-cells acts as cytotoxic effector T-cells and 
recognizee foreign peptide antigen fragments associated with MHC class I molecules. T 
cellss recognize only short (approximately 9 to 13 amino acids) peptide fragments 
derivedd from protein antigens taken up or produced in APC. CD4 molecules are 
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necessaryy for binding to MHC class II molecules and stabilize the interaction of the 
TCRR with peptide antigen. Similarly, CD8 molecules stabilize the TCR-antigen 
interactionn by binding to MHC class I molecules. Once engagement of mature T-cell 
TCRR by foreign peptide occurs in the context of self-MHC class I or class II molecules, 
bindingg of non-antigen-specific adhesion ligand pairs stabilizes MHC peptide-TCR 
bindingg and the expression of these adhesion molecules is upregulated. In addition to 
thee signals delivered to the T-cell from the TCR and CD4 and CD8 molecules, other 
co-stimulatoryy receptors including CD28, activated by CD80/CD86 also deliver 
importantt signals that affect the function of the T-cell. T-cells are producers of IFN-y. 
Sincee IFN-y regulates proteins encoded in the major histocompatibility complex, the 
developmentt of CD8 and CD4 responses is promoted by its production. Moreover, the 
ratioo between production of IFN-y (and IL-2) and Th2 cytokines determines whether an 
immunee response is predominantly cellular or humoral (see § 1.6.3). 
NK-cellss form a small subpopulation of lymphocytes which comprises approximately 
55 to 10 percent of peripheral blood lymphocytes. NK-cells are characterized by surface 
receptorss for IgG (CD 16) and CD56, and moreover express T-lineage markers amongst 
whichh CD8. Functionally, NK-cells possess antibody-dependent cellular cytotoxicity 
andd NK-cell activity, which implies MHC-unrestricted, antibody independent killing of 
targett cells. NK cells preferentially target cells with low or negative levels of MHC 
classs I expression and therefore provide the body with a safety construction against 
tumorr and virus infected cells which may downregulate the MHC class I expression 
andd could therefore escape from MHC dependent pathways. NK cells are, together 
withh T-cells the most important IFN-y producing leukocytes. 

1.6.31.6.3 Thl-Th2 balance; effects of surgery and trauma 

CD4++ T-cells are functionally divided into T helper 1 (Thl) and Th2 cells based on 

theirr cytokine production profile. Typical Thl cytokines, amongst which the most 

importantt are IL-2 and IFN-y, are associated with the stimulation of the cellular arm of 

thee immune response, whereas Th2 cytokines, like IL-4, IL-5 and IL-13 direct the 

immunee response towards a humoral reaction (139,140). The products of Thl and Th2 

cellss are mutually inhibitory for the differentiation of the reciprocal T-cell phenotype 

(141).. So, IFN-y stimulates the production of Thl cytokines and inhibits Th2 cytokine 

production.. Other factors, for instance corticosteroids, may also influence the 

differentiationn of this Thl/Th2 response (142). Although the differentiation of an 

immunee response into a Thl or Th2 cytokine production pattern is clear in rodents, in 

humanss the polarization of a Thl versus Th2 response is less definitive (141,143). The 

decisivee factors for the immune system to favor differentiation towards a type Thl or 

Th22 response upon the encounter of an antigen are thought to be extensive and the 
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precisee mechanisms are still unclear (141,144-146). However, independently from 
effectss of a specific antigen on the Thl/Th2 balance, surgical interventions and trauma 
directt a shift of the Thl/Th2 balance toward a Th2 type immune response (147,148). 
Althoughh a general decrease in T-cell function after surgery has been reported 
(149,150),, several studies demonstrate a selective decrease in Thl cytokine (IL-2/IFN-
y)) production compared to its Th2 counterparts (IL-4/5) (151,152), which is dependent 
onn the severity of injury (153-155). A dominating decrease in Thl cytokine production 
mayy be the main mechanism responsible for decreased cellular immunity in response to 
surgeryy and trauma (156). A measure for cellular immunity is thought to be represented 
byy HLA-DR expression on monocytes (157). IFN-y appears to be an important 
stimulatorr of HLA-DR expression on monocytes in vitro and in vivo (43,158,159). 

1.6.41.6.4 Cytokines and the host inflammatory response 
Thee acute phase reaction refers to a wide range of physiological changes that is 
initiatedd in response to infection or physical trauma. Several of the mediators of the 
acutee phase response are released at the site of inflammation by different cell types, 
amongstt which neutrophils. The mediators that are released after activation orchestrate 
severall  processes aimed at enhanced host survival and comprise of neutralizing of 
inflammatoryy agents and promoting repair processes. When the host inflammatory 
responsee to invading microorganisms and their products is excessive, however, serious 
hemodynamic,, metabolic, coagulatory and fibrinolytic derangements may occur. This 
phenomenon,, known as sepsis, is a clinical syndrome with a high mortality 
(160,161,162).. Among important mediators involved in the host inflammatory 
responsee are subsets of leukocytes, complement and coagulation/fibrinolysis cascade 
systems,, glucocorticoids and cytokines (160,163,164). 

Cytokiness that are enhanced in sepsis are TNF-oc, IL-ip , IL-6, IL-10 and IFN-y 
(35,97,99,164,165).. Evidence for the pivotal role of cytokines in the host inflammatory 
responsee are derived from human and animal studies in which endotoxin, cytokines or 
neutralisingg antibodies to cytokines or receptors were administered. Induction of 
experimentall  endotoxemia in humans and non-human primates, for example, induces 
activationn of cytokine cascade within one to two hours (164). 
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1.77 Interferon-gamma and immunity 

1.7.11.7.1 Monocyte HLA -DR-expression and clinical observations 
HLA-DRR expression on monocytes is considered to represent an important measure of 
cellularr immune function, since HLA class II molecules are the primary antigen 
presentingg structures of professional human APC. This idea is supported by the fact 
thatt HLA-DR expression on monocytes is significantly reduced in 
immunocompromizedd patients (157). Although perioperative increases in HLA-DR 
expressionn have been described (166), decreased HLA-DR expression has been 
observedd after surgical procedures and trauma and during sepsis (159,167-175). In 
patientss with post-operative or post-traumatic infectious complications, an even more 
outspokenn or prolonged decrease of HLA-DR expression can be measured as compared 
too non-infectious patients (170,176). In accordance, there is a correlation between the 
extendd of surgical procedures (laparoscopy versus laparotomy) and the decrease in 
HLA-DRR expression (177-179). Moreover, decreased monocyte HLA-DR expression 
iss directly correlated with clinical outcome in trauma and sepsis patients 
(167,168,174,175).. As mentioned above, a decreased Thl/Th2 cytokine ratio can be 
partt of the mechanism underlying the decreased HLA-DR expression after trauma or 
surgery.. It is not clear which factor induces the decreased IFN-y production. Increased 
circulatingg serum levels of IL-6 or TNF-a for example can be measured in 
postoperativee patients (180-182). Especially IL-6 could influence the Thl/Th2 balance. 
Evidencee for a direct influence of IFN-y production by lymphocytes independent from 
postoperativee circulating levels of IL-6 or TNF-a however, was recently provided by 
Vann Sandick et al. (183). In patients with major surgery it was demonstrated that 
preoperativee ex vivo IFN-y production was a predictive variable for the development of 
majorr postoperative infectious complications and that high preoperative production of 
IFN-yy seemed to be protective for these complications (183). This observation stresses 
thee pivotal role of IFN-y in the susceptibility of postoperative patients to infectious 
complicationss and provides evidence for a beneficial role for IFN-y on the immune 
functionn of postoperative patients. Nevertheless, to our knowledge, a study in which a 
functionall  improvement of cellular immunity after IFN-y administration is 
demonstrated,, has never been published. 
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1.7.21.7.2 HLA-DR andIFN-y 
AA mentioned above, IFN-y has a potent capacity to upregulate HLA-class I and II 
expressionn on several cell types, amongst which monocytes (42,43,158). Although the 
potencyy of IFN-y to influence MHC class II molecules on human monocytes is not 
uniquee for this cytokine, other cytokines are either not equally potent or restricted to 
HLA-classs II molecules or act suppressive (184-187). Synergism in HLA-class II 
inductionn of IFN-y with other cytokines like IL-3 and TNF-a (158,185,188) and 
hormoness (189) has been described. Only downregulatory capacities of IFN-y on class 
III  MHC expression on B-cells have been reported (190). 
Severall  studies have been performed on the effects of IFN-y on HLA-DR expression of 
injuredd patients. Ex vivo incubation of monocytes derived from patients with sepsis 
andd injury with IFN-y, restores reduced expression of HLA-DR (171,191). Moreover, 
effectss of IFN-y administration on recovery after sepsis and the prevention of infectious 
complicationss after severe injury have been investigated in patients in vivo (159,192-
194).. Although IFN-y unanimously restored HLA-DR expression on monocytes (193) 
improvedd monocyte functions (159), and prevented several complications (195), no 
straightforwardd conclusions on beneficial clinical endpoints of IFN-y could be drawn 
fromfrom these studies; unambiguous results on hospital stay and infection rates or 
mortalityy remained forthcoming. This apparent inertness of IFN-y in trauma patients 
cann be attributed to improper study design and inappropriate inclusion criteria or 
clinicall  parameters, rather than to a lack of potential benefit of the peptide, as recently 
statedd in a review by Mock and an editorial by Dries (196,197). Choosing a well 
definedd patient population and using the right biological markers, IFN-y could well 
reveall  beneficial effects in the context of the immunocompromising influence of 
trauma.. This is suggested by a study in a selective group of patients suffering from 
chronicc granulomatous disease (CGD), in which IFN-y therapy successfully prevents 
infectiouss complications without important adverse effects (198). 
Ann unanimously favorable immunological effect of IFN-y in situations of stress, 
however,, should not too readily be deduced from these observation; in accordance with 
cytokiness like TNF-a and IL-6, serious hemodynamic, metabolic, coagulatory and 
fibrinolyticfibrinolytic  derangement's as seen during sepsis are also attributed to effects of 
circulatingg levels of IFN-y (35,97,99,107,160-164). Although studies in rodents and 
primatess illustrate several aspects concerning the role of IFN-y in the pathophysiology 
off  sepsis, human data on IFN-y in this respect are scarce (199-201). Besides a solitary 
role,, IFN-y possibly also interacts with other cytokines that play a role in the 
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pathogenesiss of the acute phase response. Synergistic interaction of IFN-y with TNF-ct 
onn inflammatory parameters has been reported in cancer patients that developed severe 
hypotensionn and pulmonary toxicity after combined treatment with IFN-y and TNF 
(202),, an observation that is confirmed in mice in which administration of IFN-y and 
TNF-aa in doses that were well tolerated individually, were lethal when given in 
combinationn (200). In conclusion, the role of IFN-y in the human host inflammatory 
responsee is largely unknown. 

InIn conclusion, surgery affects the Thl/Th2 balance of the immune system which results 
inin a depressed cellular immunity as reflected by decreased HLA-DR expression on 
monocytes.monocytes. IFN-y, a pivotal Thl cytokine, increases the HLA-DR expression on 
monocytesmonocytes and might therefore have beneficial effects in trauma-induced 
immunocompromisingimmunocompromising circumstances. However, an influence of this cytokine on 
specificspecific cellular immunity in vivo has never been demonstrated. On the other hand, 
however,however, IFN-y seems to be a mediator of the host inflammatory response, and 
thereforetherefore a possible factor in the pathogenesis of sepsis. 

1.88 Aim and outline of this thesis 

Ass described above, IFN-y, a pleiotropic biological response modifier, orchestrates a 
spectrumm of processes that are of importance during both physiological and 
pathophysiologicall  circumstances. Nevertheless, the role of IFN-y on several pivotal 
regulatoryy processes, has not been delineated in humans. Amongst these processes are 
glucosee and fat metabolism, neuroendocrine regulation and innate and adaptive 
immunity. . 

Thee objective of this thesis is to obtain more insight in the regulatory effects of IFN-y 
onn important parameters of metabolic, endocrine and immunological regulation. We 
performedd our studies in two different human systems: healthy volunteers in the 
postabsorptivee state and patients after a major abdominal, surgical intervention. 

Chapterr  2 
Mediatorss like cytokines are important participants in the interaction between the 
immunee and endocrine systems. It is well known that IFN-y has important 
immunomodulatoryy properties, whereas surprisingly littl e knowledge exists about 
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endocrinee and metabolic effects of IFN-y in humans. In Chapter 2 we evaluated in a 
saline-controlledd crossover study whether rhIFN-y induces endocrine and metabolic 
effectss in healthy humans, in addition to immunomodulatory effects. 

Chapterr 3 
Alterationss in thyroid hormone metabolism induced by nonendocrine disease in 
otherwisee euthyroid patients are referred to as the euthyroid sick syndrome. Cytokines, 
suchh as TNF-ce, IL-2, IL-6 and IFN-a, mimic these alterations in thyroid hormone 
metabolismm when administered to humans which suggests that cytokines are involved 
inn the pathogenesis the euthyroid sick syndrome. Experimental data provide evidence 
thatt IFN-y could be another cytokine that might influence thyroid hormone metabolism 
inn humans. The acute effects of IFN-y on thyroid hormone metabolism in humans in 
vivo,vivo, however, have not been delineated. Therefore, we evaluated in Chapter 3 whether 
rhlFN-ycann be involved in the short term adaptation of thyroid hormone metabolism to 
nonendocrinee illness in humans in a saline controlled study design. 

Chapterr 4 
IFN-yy has extensive effects on the immune system. In addition to well known 
immunomodulatoryy properties like upregulation of MHC molecules and directing an 
immunee reaction towards a T-helper 1 response, IFN-y exerts effects on the human 
immunee system which are less well defined. One of these effects is its influence on 
leukocytee traffic. In Chapter 4 we studied the effects of administration of rhIFN-y vs. 
salinee on leukocyte dynamics of healthy subjects in a saline-controlled crossover study 
andd focused on in vivo kinetics of naive and memory effector CD4+ and CD8 T-
lymphocytes.. Since leukocyte recirculation is influenced by the expression of adhesion 
molecules,, we additionally studied the in vitro effects of IFN-y on the cell surface 
expressionn of several adhesion and activation membrane markers 

Chapterr 5 
Cytokiness are important mediators involved in the pathogenesis of sepsis. 
Administrationn of cytokines, like TNF-a and IL-6 to animals and humans mimics 
disturbancess on acute phase protein levels, parameters of leukocyte activation and 
coagulationn and fibrinolysis as seen in sepsis. Clinical data and studies in animals 
suggestt that IFN-y is another mediator in the host inflammatory response, which could 
bee of importance in the pathophysiology of sepsis. The role of IFN-y in human host 
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inflammatoryy responses, however, has not been studied. To evaluate the role of IFN-y 
onn the human inflammatory response, we studied the acute effects of rhIFN-y vs. saline 
administrationn on a selection of host inflammatory mediators: the cytokine/chemokine 
cascadee system, acute phase proteins, humoral and membrane activation markers of the 
innatee cellular immunity and parameters of coagulation/fibrinolysis. 

Chapterr  6 
Tissuee injury, like induced by surgery, is associated with decreased expression of 
HLA-DRR on monocytes. Low levels of HLA-DR on monocytes are correlated with 
increasedd postoperative complications and mortality. In addition to the reduction in 
cellularr immunity, another effect of surgical interventions is the metabolic response to 
stress.. The suppressed cellular immunity can possibly be improved by IFN-y 
administrationn to postoperative patients, although, on the other hand, this cytokine 
couldd also have adverse effects on the metabolic system. In Chapter 6 we evaluated in 
postoperativee patients, in a placebo-controlled trial, the effects of a single dose of 
rhIFN-yy vs. saline on short-term monocyte activation and metabolic and endocrine 
parameters. . 

Chapterr  7 
Majorr surgery induces the euthyroid sick syndrome. An increasing deviation in thyroid 
hormonee indices from reference values is associated with increasing morbidity and 
mortality.. IFN-y is frequently administered to patients with diseases associated with 
euthyroidd sick syndrome. It is not known, however, whether IFN-y, like other 
cytokines,, alters thyroid hormone metabolism and possibly can induce a worsening of 
thee euthyroid sick syndrome. For this reason, we studied in chapter 7 the effects of 
IFN-yy in humans under euthyroid sick syndrome circumstances. To obtain an 
homogenouss patient population, with a comparable severity of thyroid hormone 
aberrationss under inflammatory conditions, we studied the short term effects of IFN-y 
vs.. saline administration on thyroid hormone metabolism in patients after major 
surgeryy in a placebo controlled trial. 

Chapterr  8 
Antigen-inducedd activation of individual T-cells is determined by the number of T-cell 
receptorss triggered by antigen presenting cells and by heir threshold for activation. 
Severall  co-stimulatory signals depress T-cell activation thresholds. Major surgical 
interventionss may decrease the physiological T-cell responsiveness to antigens and are 
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thereforee presumed to render patients more susceptible to invading organisms. IFN-y is 
aa cytokine with many known immuno-stimulatory properties. Nevertheless, the effect 
off  rhIFNy administration on human antigen specific CD4+ T-cell reactivity has not 
beenn resolved. In Chapter 7 we present a placebo controlled trial in postoperative in 
patientss whom IFN-y vs. saline is administered and antigen specific helper T cell 
immunee reactivity was assessed by antigen induced cytokine production, intracellular 
cytokinee staining and flow cytometry. 

Chapterr  9 
Situationss of severe tissue injury, like surgical interventions, trauma or sepsis, are 
associatedd with a suppressive effect on the cellular immunity, which is partly reflected 
byy decreased expression of HLA-DR on monocytes. In surgical patients, low levels of 
HLA-DRR on monocytes are correlated with higher rates of postoperative complications 
andd mortality. IFN-y is thought to have a favorable effect in postoperative patients 
sincee IFN-y increases the monocyte HLA-DR expression. An unanimous favorable 
immunologicall  effect of IFN-y in situations of stress, however, should not too readily 
bee deduced from these observations since IFN-y could, like TNF-a, possibly induce 
seriouss systemic derangements as seen during sepsis. To study the role of IFN-y on the 
hostt inflammatory response in a system in which IFN-y is administered to improve 
specificc immunity, when inflammation is already ongoing, we studied patients after 
majorr elective surgery. Thirteen patients scheduled for a major surgical intervention 
weree randomized into an intervention and control (placebo) group. Subsequently, we 
evaluatedd on the second postoperative day the effects of a single dose of rhIFN-y vs. 
saline,, on host inflammatory response parameters. 
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Abstract t 

Too evaluate whether interferon-gamma (IFN-y) is involved in the interaction between the immune and 

endocrinee systems in vivo, we studied six healthy subjects twice in a placebo-controlled trial: once after 

administrationn of recombinant human IFN-y and, on another occasion, after administration of saline. The 

ratee of appearance (Ra) of glucose was determined by infusion of [6,6-2H2]glucose, resting energy 

expendituree (REE) by indirect calorimetry. HLA-DR expression on monocytes and serum neopterin 

increasedd after administration of IFN-y (p<0.05 vs control). IFN-y increased serum interleukin-6 

levelss significantly. Levels of tumor necrosis factor-cc remained below detection limits. IFN-y 

increasedd plasma concentrations of ACTH and Cortisol (p<0.05 vs control), IFN-y did not alter 

concentrationss of GH, (nor)epinephrine, insulin, C-peptide, glucagon or IGF-1. IFN-y did not alter 

plasmaa concentrations of glucose and FFA nor Ra glucose. IFN-y increased REE significantly. We 

concludee that IFN-y is a minor stimulator of the endocrine and metabolic pathways. Therefore, IFN-y, by 

itself,, is probably not a major mediator in the interaction between the immune and the endocrine and 

metabolicc system. 
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Introductio n n 

TTheree is intensive interaction between the immune and endocrine systems. 
Thiss interaction involves both inhibitory and stimulatory effects of 
hormoness on the immune system and, conversely, stimulatory and 

inhibitoryy effects of the immune system on the endocrine system (7,12,18,19,35). 
Mediatorss like cytokines participate in the interaction between these two systems 
(3,5).. In addition to effects on the immune system, tumor necrosis factor-a (TNF-
a),, interleukin-2 (IL-2), interferon-a (IFN-a) and IL-6 induce in humans profound 
endocrinee and metabolic effects (4,6,25,26,30). Remarkably, despite more or less 
similarr endocrine effects, the metabolic effects are different between the different 
cytokines.. For instance, we and others observed that TNF-oc, IFN-a and IL-6 all 
increasedd lipolysis to a variable extent (6,25,26,30) whereas IL-2 inhibited lipolysis 
(4).. The effect on glucose metabolism was also contradictory between the different 
cytokines,, despite comparable changes in plasma concentrations of glucoregulatory 
hormones. . 

IFN-yy is a cytokine involved in different diseases like viral infections and 
sepsiss (20,32). However, the endocrine and metabolic effects of IFN-y in humans 
inn vivo have not been studied in any detail. Therefore it is unclear whether IFN-y is 
ann other cytokine involved in the interaction between the immune and endocrine 
systems. . 

Too evaluate whether IFN-y, besides immunomodulatory effects, also induces 
endocrinee and metabolic effects, we studied the immunological, endocrine and 
metabolicc effects of IFN-y administration in healthy volunteers in a saline-controlled 
crossoverr study. 

Subjectss and Methods 

Subjects s 
Sixx healthy men (age 22  1 yr, weight 76.1  3.5 kg, height 1.85  0.03 m; mean
SEM)) participated in the study. All were in good health, did not experience any 
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febrilee disease in the month prior to the study, did not use any medication and gave 

writtenn informed consent. The study was approved by the Research Committee and 

thee Medical Ethical Committee of the Academic Medical Center, Amsterdam. 

StudyStudy design (fig. I) 
Eachh subject was studied twice, with an interval of at least four weeks. On one 

occasionn the subjects received rhIFN-Y, on the other occasion saline (control study). 

Thee order in which rhIFN-y or saline was given was determined by balanced 

assignment.. All volunteers consumed a weight-maintaining diet, containing at least 

2500 grams of carbohydrates. The subjects were fasted from 6.00 h P.M. the day prior 

too the study, until the end of the study. At 6.45 h A.M. a catheter was placed into an 

infusionn of 6,6-2H2-glucose | 

RQQ I 1 1 1 I ! 1 
b'°°dd * 4 H I \ I I I 1 

samplee !• 

timee (hours) • • • • • • • • • • "1 
-22 0 2 4 6 8 10 12 24 

IFN-yo rr  salin e I 

FigureFigure  1 Stud y design : Al l subject s were studie d twice , onc e after administratio n of rhlFN^ y 
and,, on anothe r occasion , after administratio n of saline . RQ = indirec t calorimetry . 

antecubitall  vein for infusion of stable isotope tracers. Another catheter was inserted 
retrogradelyy into a contralateral hand vein kept in a thermoregulated (65° C) plexiglas 
boxx for sampling of arterialized venous blood. The catheters were kept patent by 
infusionn of NaCl 0.65% (30 ml/h). During both studies the subjects were confined to 
bed.. At 7.00 h A.M. (t = -2 h) blood was sampled for determination of background 
enrichmentt and a primed (17.6 umol/kg), continuous (0.22 umol/kg/min) infusion of 
[6,6-2H2]glucosee (Isotec Inc., Miamisburg, OH, USA) was started and continued until 
thee end of each study (t = 12 h). At t = -15, -10, -5 and 0 min, blood samples for 
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determinationn of isotope enrichment of glucose were drawn. Blood samples for 
baselinee values of hormones, substrates, cytokines and HLA-DR expression on 
monocytess were drawn just before t = 0 min. At t = 0 rhlFN-y (100 ug/m2, Immukine, 
Boehringerr Ingelheim GmbH, Ingelheim/Rhein, Germany) or the same volume of 
salinee was injected subcutanously. At 1, 2, 4, 6, 8, 10 and 12 h after injection of 
rhIFN-YY or saline, blood was drawn for the measurement of isotope enrichment, 
hormone,, substrate and cytokine concentrations. Twenty-four hours after the injection 
off  rhIFN-Y or saline blood was drawn for determination of cytokine and neopterin 
serumm levels. Blood samples taken at 4, 8 and 24 hours after administration of rhIFN-Y 
weree also analysed for HLA-DR expression on monocytes. Blood pressure (Riva 
Roccii  method, brachial artery), pulse rate (palpation of radial artery) and oral 
temperaturee (Terumo Dig. Clin. Termometer CI 1, Terumo Corp., Tokyo, Japan) were 
recordedd hourly. Oxygen consumption and carbon dioxide production were 
determinedd every 2 hours by indirect calorimetry, using the method of a ventilated 
hoodd (model 2900, computerised energy measurement system, Sensor Medics, 
Anaheim,, CA). 

Assays Assays 
Al ll  measurements of each individual subject were performedd in the same run, with the 
exceptionn of flow cytometry analysis. All samples were tested in duplicate. 
Glucosee concentration and enrichment were determined according to Reinhauer et 

al.(21),, using phenyl-p-D-glucoside as internal standard. The gas chromatography 
columnn used was a Heliflex AT-1 capillary column (30 x 0.25 mm, df 0.2 um) 
(Alltech,, Deerfield, DL) on an HP 5890 Series II gas chromatograph coupled to an HP 
59899 A model mass spectrometer (Hewlett Packard, Palto Alto, CA). Mass spectra 
weree recorded at m/z 187 for glucose and m/z 189 for 6,6-2H2-glucose. The internal 
standardd was monitored at m/z 127 and m/z 169. 
FFAA were determined using the NEFA C kit (code No 994-75409 E) from Wako 
Chemicalss GmgH (Neuss, Germany). 

Plasmaa insulin concentration was measured by RIA (Insulin RIA 100, 
Pharmaciaa Diagnostic AB, Uppsala, Sweden; intra-assay coefficient of variation (CV) 
3-5%,, inter-assay CV 6-9%), C-peptide by RIA (RIA-coat c-peptid, Byk-Sangtec 
Diagnosticaa GmbH & Co. KG, Dietzenbach, Germany; intra-assay CV 4-6%, inter-
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assayassay CV 6-8%). Glucagon was determined by RIA (Linco Research, St Charles, MO; 
detectionn limit 15 ng/L, intra-assay CV 3-5%, inter-assay CV 9-13%), IGF-1 by 
IRMAA after a modified acid-ethanol extraction procedure (DSL, Inc. Webster, Texas; 
detectionn limit 5 nmol/L, intra-assay CV 2-4%, inter-assay CV 3-8%). Cortisol was 
measuredd using a fluorescence polarization immunoassay (Abbott Laboratories, North 
Chicago,, IL, intra-assay CV 6.4%, inter-assay CV 9.0%), ACTH by ILMA (Immuno 
Luminoo Metric Assay)(Nichols Institute, Los Angeles, CA; intra- and inter-assay CV 
4.33 and 5.4 %, resp.), growth hormone by ILMA (Nichols Institute, Los Angeles, CA; 
detectionn limit 1 mU/L, intra- and inter-assay CV 7.3% and 9.6%, resp). 
Catecholaminess were measured by in-house HPLC method. Essentially 
norepinephrinee (inter- and intra-assay CV 13 and 6 %, resp.) and epinephrine (inter-
andd intra-assay CV 14 and 7 %, resp.) were selectively isolated by liquid-liquid 
extractionn and derivatized to fluorescent components with 1,2-
diphenylethylenediamine.. The fluorescent derivatives were separated by reversed 
phasee liquid chromatography and detected by fluorescence detection (23,29). 

IL-66 and TNF-oc were determined by ELISA (CLB, Amsterdam, The 
Netherlands),, both with a detection limit of 2 pg/ml. IFN-y was measured using an 
ELISAA with a detection limit of 31 pg/ml (16). Serum concentrations of neopterin 
weree measured by RIA (IMMUtest Neopterin; Hennig, Berlin, Germany). 

HLA-DRR expression was measured using flow cytometry. Whole blood was 
lysedd twice, using ammoniumchloride (0.155M) with K-EDTA and subsequently 
washedd with phosphate buffered saline (PBS) supplemented with bovine serum 
albuminn (0.5%w.v.), sodium azide (0.01% w.v.) and potassium EDTA (0.5mM) 
(=PBAP).. Before and after these lysis steps, cells were fixed with paraformaldehyde 
(PFA)) 0.5% w.v. and 2% resp. Subsequently, Fc-receptors were blocked using human 
pooledd serum (10% v.v.) in PBAP. Then, cells were incubated with anti-HLA-
DRR monoclonal antibodies (mAbs) directly labelled with fluorescein isothiocyanate 
(FITC,, Becton Dickinson (BD), San Jose, CA). Irrelevant mouse mAbs directly 
labelledd with FITC were used as control for background staining. After 30 min the 
incubatedd cells were washed and suspended in PBAP. Cells were kept on ice during 
incubationn periods. For washing procedures, cold media were used. Data acquisition 
wass performed on a FACScan flow cytometer (BD). All data were saved. Analysis 
wass stopped after 5000 counts in the lymphogate had been measured. Monocytes 
weree gated by forward and side scatter parameters. 
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CalculationsCalculations and statistics 

Alll  data are presented as the mean  SEM. After administration of IFN-y, the rate of 
appearancee (Ra) of glucose was calculated using Steele's equation for nonsteady state 
conditionss adapted for stable isotopes (21). The data were analysed by analysis of 
variancee for randomised block design and Wilcoxon test to compare data at individual 
timee points. A p-value of < 0.05 was 

considered d 

significance. . 

too represent statistical 

Results s 
ClinicalClinical effects of IFN-y (Fig. 2) 

IFN-yy caused an increase in temperature 

fromm 36.2  0.2 to 36.9 1 °C (p < 

0.055 vs control study)(Fig.2). Blood 

pressuree was not different between the 

controll  and intervention studies, 

whereass the pulse rate increased after 

IFN-yy (59  3 to 72  3 beats/min [p < 

0.055 vs control study])(fig. 2). 

IFN-yIFN-y plasma concentration (fig. 3) 

Duringg the control study, IFN-y levels 

remainedd below or just above the 

detectionn limit of the assay (31 pg/ml). 

Inn the intervention study, IFN-y levels 

increasedd gradually to 518  96 pg/ml 

afterr 6 hours (p < 0.05 intervention vs 

control)(Fig.. 3). The plasma values of 

IFN-yy 24 hours after IFN-y injection, 

weree not different from pretreatment 

values. . 
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FigureFigure  2 Clinica l effect s of IFN-7: 
Meann bloo d pressure , puls e rate and 
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EffectsEffects of IFN-y on plasma cytokine 

concentrations concentrations 

IFN-yy induced a modest but significant 

riserise in IL-6 levels with a peak after 12 

hourss (2  1 [control] vs 5  1 pg/ml 

[IFN-yy study], p < 0.05). On the other 

hand,, TNF-oc levels were always below 

thee detection limit of our assay (2 

pg/ml). . 

EffectsEffects oflFN-yon HLA-DR expression 

onon monocytes and monocyte activation 

(Fig.(Fig. 3) 

IFN-yy induced a considerable change in 

HLA-DRR expression on monocytes. 

Afterr an initial decrease, mean 

fluorescencefluorescence intensity (MFI) of HLA-

DRR on monocytes increased from 84

77 to 181  34 at t =24 hours after IFN-y 

administrationn (p<0.05 vs t = 0 h). No 

significantt changes were observed in the 

controll  study. Serum neopterin levels, 

increasedd almost twofold after the 

administrationn of IFN-y to from 4.7

0.77 to 11.92  0.94 nmol/L after 24 

hourss (p<0.05 vs t=0 h). 

EndocrineEndocrine effects of IFN-y (Fig. 4) 

Baselinee hormone levels did not differ 

betweenn the two studies. After 

administrationn of IFN-y, there was a modest, transient increase in ACTH and 

Cortisoll  levels with a peak after 4 hours (p<0.05 vs control)(fig. 4). Insulin and C-

peptidee gradually decreased in time during both studies (p<0.05 vs t = 0 h) but no 

differencee between the two study periods could be detected (Fig. 5). There were no 

differencess between the two studies in growth hormone, glucagon, epinephrine and 
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FigureFigure  3 Effect s of IFN^y 
administratio nn on plasm a concentratio n of 
IFN^yan dd immunologica l effect s of IFN^y. 
Plasm aa IFN^y concentration , HLA-DR 
expres-sio nn on periphera l bloo d 
monocyte ss and seru m neopteri n 
concentratio nn (mean  SEM) after rhiFN- y 
administratio nn (close d circles ) vs salin e 
administratio nn (open circles) . * = P<0.05 
vss the correspondin g value  on the contro l 
day.. MFI = mean fluorescens e intensity . 
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norepinephrinee levels (fig. 4 and 5). IGF-

11 concentrations decreased significantly 

inn time during both studies, but no IFN-y 

effectt was measurable in the intervention 

study. . 
§§ 25 

0J J 

EffectsEffects of IFN-y on substrates and energy 

metabolismmetabolism (Fig. 5) 

Baselinee values did not differ between 

bothh study periods. Plasma glucose 

concentrationss and Ra glucose decreased 

duringg the control study (p < 0.05 vs t = 0 

h).. There was no effect of IFN-y on 

plasmaa glucose concentration or Ra 

glucosee (Fig. 5). Plasma FFA 

concentrationss increased during the 

controll  study from 0.52  0.08 (baseline) 

too 0.97  0.20 mmol/1 (t = 12 h, p < 

0.05)(Fig.. 5). There was no effect of IFN-

yy on FFA concentrations (Fig. 5). 

IFN-yy increased resting energy 

expendituree significantly at 6 hours after 

IFN-yy admi-nistration by ~ 11 % 

comparedd to the control study (1867  41 

[control]]  vs 2064  45 kcal/day [IFN-y 

study],, p<0.05)(Fig. 5). 

FigureFigure  4 Endocrin e effect s of IFN^y : 
Plasm aa ACTH , cor-tisol , epinephrine , 
norepinephrin ee and growt h hormon e concen -
tration ss (mean  SEM) afte r rhIFN- y 
administratio nn (close d circles ) vs salin e 
administratio nn (ope n circles) . * = P<0.05 vs 
th ee cor-respondin g valu e on th e contro l day . 
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FigureFigure  5 Effect s of IFN^y on 
glucos ee and fat metabolism : 
Plasm aa insulin , glucagon , glucos e 
andd FFA concentration s and Ra 
glucos ee after rhIFN-y administratio n 
(close dd circles ) vs salin e adminis -
tratio nn (open circles) . There were no 
difference ss in any of the parameters . 

Discussion n 

Inn this study, the endocrine, metabolic and 

immunologicall  effects of IFN-y were 

evaluatedd in healthy humans. IFN-y had 

outspokenn effects on HLA-DR expression on 

monocytess in peripheral blood and on serum 

neopterinn levels, both reflecting activation of 

monocytesmonocytes and macrophages (27). IFN-y also 

inducedd a slight but significant increase in 

serumm IL-6. Despite these clear effects of IFN-

yy on the immune system, there were only 

minimall  effects on the endocrine and 

metabolicc pathways. With the exception of a 

short-lastingg stimulation of the pituitary-

adrenall  axis, there were no endocrine effects 

off  IFN-y detectable. The metabolic effects of 

IFN-yy were limited to a small stimulation of 

restingg energy expenditure by ~11 % without 

anyy effect on glucose and fat metabolism. 

Therefore,, we conclude that IFN-y is not a 

majorr mediator between the immune and 

endocrinee systems. 

Clinicall  irrelevant plasma 

concentrationss of IFN-y are not the 

explanationn for the limited endocrine and 

metabolicc effects observed in our study. The 

dosee of IFN-y in our study resulted in plasma 

levelss of IFN-y, which are well within the 

rangee of those reported in several diseases. In 

acutee falciparum malaria IFN-y levels were 

1233  71 pg/ml, in HIV infection 215-396 

pg/mll  and in pneumonia 238-867 pg/ml 

(15,22,33,34).. However, we can not exclude 
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thatt  a higher  dose of IFN-y might have resulted in more pronounced endocrine and 
metabolicc effects. Nonetheless, the aim of our  study was to evaluate 
pathophysiologicallyy relevant effects of IFN-Y , rather  than pharmacological effects. 
IFN-yy induced a marked increase in HLA-D R expression on monocytes in 
peripherall  blood and a rise in neopterin serum levels, in accordance with previous 
inin  vivo and in vitro studies (1,2,14,17,27). Apparently, our  IFN-y levels were 
sufficientt  to induce immunological effect, but not to induce metabolic and 
endocrinee alterations. It could be argued that a longer  observation period could 
havee revealed distinct influences of EFN-y. However, metabolic alterations due to 
acutee phase response-like reactions induced by cytokines take place after  a short 
termm interval. A cytokine mediated metabolic response after  12 hours is not to be 
expected. . 

Ourr  results are hard to compare with data from literatur e as the endocrine 
effectss of IFN-y are scarcely investigated in humans and there are no data on 
metabolicc effects. In accordance with our  results, IFN-y increased plasma Cortisol 
levelss 2-6 h after  administration in two other  studies in humans (8,24). The data on 
ACTHH in human studies are contradictory. In accordance with our  results Goldstein 
et.. al. also observed an ACTH peak after  IFN-y whereas Holsboer  et. al. did not 
findd a ACTH peak despite an increase in plasma Cortisol (8,9). In our  study and the 
studyy by Goldstein the Cortisol peak coincided with the ACTH peak. These 
observationss and those of Holsboer  suggest that the increase in plasma Cortisol may 
nott  mainly be due to ACTH stimulation; it leaves open the possibility of a direct 
stimulatingg effect of IFN-y on the adrenal gland. This assumption is supported by 
inn vitr o data (28). The effect of IFN-y on ACTH secretion has also been studied in 
vitro .. In rat anterior  pituitar y cells homologous IFN-y did not affect basal ACTH 
production,, but inhibited the stimulatory effect of CRH on ACTH production(31). 
Therefore,, it is unlikely that IFN-y stimulates ACTH secretion directly. 
Alternatively ,, other  factors can be involved. For  instance, IFN-y increased IL- 6 
production,, which in turn stimulates ACTH secretion (26). 

Inn contrast to IFN-y, cytokines like TNF-oc, IL- 6 and IFN-oc have major 
effectss on endocrine and metabolic regulation in humans. Administratio n of TNF-
oc,, IL- 6 or  IFN-a results in prolonged and massive stimulation of the pituitary -
adrenall  axis and secretion of glucagon and catecholamines without any effects on 
plasmaa insulin (6,26,30). These cytokines all stimulated lipolysis. Despite this 
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massivee and comparable endocrine response, IL-6 stimulates peripheral uptake of 

glucosee whereas the same response induces insulin resistance after TNF-a 

administrationn and without any influences on glucose metabolism after IFN-a. 

Thesee effects of TNF-a, EL-6 and IFN-a coincide with an increase in resting 

energyy expenditure. 

Thee differences in endocrine and metabolic effects between IFN-y and the 

otherr cytokines can not be ascribed to differences in the amount of cytokine 

administrated.. The molar amount of IFN-y administered in the present study (6.1 

nmol/m2)) was higher than the amounts of TNF-a, IL-6 and IFN-a administered in our 

previouss studies in humans (TNF-a 2.8 nmol/m2, IFN-a 1.3 nmol/m2 and IL-6 3.8 

nmol/m2)(6,26,30)).. The serum levels reached in these previous studies were in the 

samee range as in the present IFN-y study (IFN-y 3.1 x 10"2 pmol/ml vs IL-6 2.8 x 10"2 

pmol/mll  and IFN-a 6.2 x 10"3 pmol/ml; TNF-a levels were higher due to intravenous, 

boluss administration and are therefore not suited for this molar comparison (13)). 

Thee question arises whether the only metabolic effect induced by IFN-y, an 

increasee of ~11% in resting energy expenditure, may have clinical implications. No 

straightforwardd conclusion can be drawn, as it has been shown that an increase in 

REEE by itself does not necessary induces changes in body composition. This is 

exemplifiedd by the metabolic changes found in the different stages of HIV infection. 

Inn both the asymptomatic phase and in the symptomatic phase of this disease, an 

increasee in REE by -10 % is found with major differences in other metabolic 

parameterss between both disease stages (10,11). 

Itt can be concluded that the proinflammatory cytokine IFN-y is not a 

stimulatorr of endocrine and metabolic pathways, at least in comparison with IL-6, 

IFN-aa and TNF-a. Therefore, IFN-y, by itself, is probably not a major mediator in the 

interactionn between the immune and the endocrine and metabolic system. However, 

wee can not exclude the possibility that IFN-y, along with other mediators released 

duringg infection, may have a synergistic effect on the endocrine and/or metabolic 

system. . 
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Abstract t 

Cytokines,, such as TNF-a, IL-2, IL-6 and IFN-cc alter human thyroid hormone metabolism and may 

bee involved in the pathogenesis the euthyroid sick syndrome. Experimental data suggest that IFN-y 

couldd be another cytokine that might influence thyroid hormone metabolism. To evaluate whether 

IFN-yy can be involved in the pathogenesis of the alterations in thyroid hormone metabolism in 

humanss with nonendocrine illness, we measured thyroid hormone concentrations in six healthy 

volunteerss during 24 hours in a placebo, controlled trial: once after subcutaneous administration of 

IFN-yy (Immukine 100 ug/m2 s.c.) and, on another occasion, after the administration of saline 

(control).. In addition, we measured cytokine concentrations in plasma (TNF-a and IL-6). IFN-y did 

notnot induce effects on any of the measured thyroid hormone and TSH plasma concentrations. 

Moreover,, IFN-y did not affect TNF-a plasma levels. Only a modest but significant elevation of 

plasmaa IL-6 levels was detected after administration of IFN-y (p<0.05 vs control). It is concluded that 

IFN-yy administration to healthy humans does not result in short term alterations of thyroid hormone 

metabolism.. These data do therefore not support a role of IFN-y in the pathogenesis of the euthyroid 

sickk syndrome in humans as might be deduced from in vitro and in vivo animal studies. 
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Introductio n n 

AAlterationss in thyroid hormone metabolism induced by nonendocrine 
diseasee in otherwise euthyroid patients are referred to as the euthyroid 
sickk syndrome. These alterations consist of decreased plasma levels of tri-

iodothyroninee (T3), increased levels of reverse T3 (rT3) and changes in plasma 
thyroxinee (T4), the latter being lowest in patients with the poorest prognosis (1,2). 
Thyroidd stimulating hormone (TSH) levels usually remain normal, but may be 
decreasedd or slightly elevated (3). 

Cytokiness are considered to be involved in the pathogenesis of the 
euthyroidd sick syndrome (4,5). For instance, administration of tumor necrosis 
factorr (TNF)-cx, interleukin (IL)-2, IL-6 as well as interferon (IFN)-a to humans 
inducess acute alterations in thyroid hormones, resembling those seen in the 
euthyroidd sick syndrome (5). Moreover, there is a relation between the severity of 
thee euthyroid sick syndrome and plasma cytokine levels (6). Finally, additional 
supportt for at least a partial role of cytokines in the development of the euthyroid 
sickk syndrome is provided by the observation that the decrease in serum T3 
inducedd by lipopolysaccharide (LPS) in IL-6 knockout mice is smaller than in wild 
typee mice (7). 

IFN-yy is another cytokine, that may influence thyroid hormone metabolism. 
Increasedd IFN-y levels can be detected in patients suffering from nonendocrine 
infectiouss diseases that are associated with the euthyroid sick syndrome (8). 
Moreover,, in vivo studies in animals support a role of IFN-y as humoral mediator 
inn the pathogenesis of the euthyroid sick syndrome. IFN-y administration to mice 
mimickedd several aspects of the euthyroid sick syndrome (9). In addition, effects of 
IFN-yy on aspects of thyroid hormone metabolism of thyroid cells in vitro are 
reportedd (10-13). 

Thee acute effects of IFN-y on thyroid hormone metabolism in humans in 
vivoo have not been delineated. Therefore, we evaluated whether IFN-y can be 
involvedd in the short term adaptation of thyroid hormone metabolism to 
nonendocrinee illness in humans. For this purpose we administered recombinant 
humann (rh)IFN-y to healthy subjects in a saline controlled cross over study. 

63 3 



ChapterChapter 3 

Subjectss and Methods 

Subjects Subjects 
Sixx healthy male volunteers (age 22  1 yr, mean  SEM) participated in the study. 
Al ll  were in good health, had not experienced any febrile disease in the month prior to 
thee study and did not use any medication. The study was approved by the Research 
Committeee and the Medical Ethical Committee of the Academic Medical Center, 
Amsterdam.. All subjects gave written informed consent. 

StudyStudy design 

Eachh subject was studied twice, with an interval of at least four weeks between the 

twoo studies. On one occasion the subjects received rrüTN-y (Immukine, Boehringer 

Ingelheimm GmbH, Ingelheim/Rhein, Germany), on the other occasion saline (control 

study).. The order in which rruTN-y or saline was given was determined by balanced 

assignment.. To rule out any effects of meal intake, subjects were fasted from 6.00 

P.M.. the day prior to the study, until the end of the study. Before the start of the study, 

aa 19-Gauge catheter for sampling of blood was inserted retrogradely into a hand vein. 

Thee catheter was kept patent by infusion of NaCl 0.65% (30 ml/h). During both 

studiess the subjects were confined to bed. Just before 9.00 A.M. (t=0) blood samples 

forr baseline thyroid hormones and cytokine levels were drawn. At t=0, 100 |iig/m2 

rhlFN-yy or a similar volume of saline was injected subcutaneously. At 1,2,4, 6, 8, 10, 

122 and 24 hours after injection of rhlFN-y or saline, blood was drawn for the 

measurementt of plasma cytokines and thyroid hormones. Oral temperature (Terumo 

Dig.. Clin. Termometer CI 1, Terumo Corp., Tokyo, Japan) was recorded hourly 

Assays Assays 

Bloodd drawn for determination of plasma parameters was centrifuged at 4 °C and 

15500 g for 10 minutes. Thereupon supernatants were immediately stored at -80 °C. 

Al ll  samples were thawed only once. Measurements in plasma of each individual 

subjectt were performed in the same run and tested in duplicate. IFN-y plasma levels 

weree measured using an in-house sandwich ELISA with a detection limit of 31 pg/ml 

(14).. IL-6 and TNF-a were determined by ELISA (CLB, Amsterdam, The 

Netherlands),, both with a detection limit of 2 pg/ml. For thyroid hormones and TSH 

thee following assays were used: T4 (reference value 70-150 nmol/L, detection limit 
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5nmol/L,, intra-assay CV 2-4%, interassay CV 3-6%), T3 (reference value 1.3-2.9 
nmol/L,, detection limit 0.3 nmol/L, intra-assay CV 3-4%, interassay CV 7-8%) and 
rT33 (reference value 0.11-0.44 nmol/L, detection limit 0.03 nmol/L, intra-assay CV 
4-5%,, interassay CV 5-9%) were measured by in-house RIA methods (15); free T4 
(FT4)) and TSH were measured by time-resolved fluoroimmunoassay (Delfia FT4 
respectivelyy Delfia hTSH Ultra, Wallac Oy, Turku, Finland: reference value 10-23 
pmol/LL respectively 0.4-4.0 mU/L, detection limit 2 pmol/L respectively 0.01 
mU/L,, intra-assay CV 4-6 and 1-2% respectively, interassay CV 5-8 and 3-4% 
respectively);; T3-uptake by a commercial kit (T3-uptake {MAA }  kit, Kodak 
Clinicall  Diagnostics, Amersham, England: reference value 0.84-1.11, detection 
limi tt 0.50, intra-assay variation 3-5%, interassay variation 3-5%). 

CalculationsCalculations and statistics 
Alll  data are presented as the mean  SEM. Data were analysed by analysis of 
variancee for randomised block 
designn and Wilcoxon test to 
comparee data at individual time 
points.. A p-value of < 0.05 was 
consideredd to represent statistical 

significance. . 

FigureFigure 1 Effects of IFN^y 
administrationn on plasma cytokine 
concentrations: : 
Sixx healthy male subjects were studied 
twice;; once after administration of 
rhlFN-yy (100 ug/m2 s.c.) and, on another 
occasion,, after administration of saline. 
Depictedd are plasma IFN-y and IL-6 
concentrationss (mean  SEM) after 
rhlFN-yy administration (closed circles) 
vss saline administration (open cir
cles).. * = P<0.05 vs the cor
respondingg value on the control day. 
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Results s 

ClinicalClinical effects of IFN-yadministration 

IFN-yIFN-y caused an increase in temperature from 36.2  0.2 to 36.9  0.1 °C (p < 0.05 

vss control study (16)). IFN-y administration did not cause chills, nausea or other 

signss of acute illness. There were no changes in clinical condition of the volunteers 

duringg the control study. 

CytokineCytokine plasma concentrations (fig.1) 

Baselinee cytokine levels (IFN-y, IL-6 and TNF-a) did not differ between the 

controll  and intervention study. During the control study, IFN-y levels remained 

beloww or just above the detection limit of the assay. In the intervention study, IFN-

yy levels increased gradually to 518  96 pg/ml after 6 hours (p < 0.05 vs control). 

Thee IFN-y plasma levels at 24 and 48 hours after IFN-y injection, were not 

differentt from pretreatment values. 

Inn the intervention study, plasma levels of IL-6 gradually increased with a peak at 

122 hours after IFN-y (p<0.05 vs control). During the control and intervention study, 

TNF-aa levels stayed below the lower limit of detection of the assay (2 pg/ml). 

ThyroidThyroid hormone and TSHplasma concentrations (ftg.2) 

Baselinee thyroid hormone (T4, FreeT4, T3, rT3, T3-uptake, F T4 index) and 

TSHH levels did not differ between the control and intervention study. During the 

interventionn study, there were no effects of IFN-y on any of the thyroid hormone 

indices. . 

Discussion n 

Inn the present study, the short term effect of IFN-y on thyroid hormone metabolism 

inn healthy volunteers was evaluated. Our data clearly demonstrate that in humans 

IFN-yy does not affect thyroid hormone and TSH levels in blood. This finding casts 

doubtss on the role of IFN-y in the pathogenesis of euthyroid sick syndrome. 

66 6 



IFN-yIFN-y does not affect thyroid metabolism in humans 

gg 11 0 
c c 
cc 100 
H H 

e e 
gg 90 
I--

80 0 

20.0 0 

«15.0 0 

12.5 5 

3 3 

II 2 

I I 

(2 2 

122 16 

tim ee (h ) 

1.0-1 1 

0.4n n 

0-J J 

11 2 

II 1.1 

tim ee (h ) 

FigureFigure  2 Effect s of IFN-y administratio n on plasm a thyroi d hormon e and TSH 
concentrations : : 
Sixx  health y male subject s were studie d twice ; onc e after administratio n of rhIFN-y (100 ug/m 2 s.c.) 
and,, on anothe r occasion , after administratio n of saline . Depicte d are plasm a concentration s T4, 
Freee T4, TSH, T3, rT3 and T3-uptak e (mean  SEM) after rhIFN-y administratio n (close d circles ) 
vss salin e administratio n (open circles) . There were no difference s betwee n bot h stud y days . 

Duringg the control and intervention studies, levels of T3 and TSH decreased. These 

observationss can be explained by fasting (T3) (17), circadian variation (TSH)(18), 

andd hemodilution. Since both studies showed identical patterns, an effect of IFN-y 

onn these thyroid hormones can be excluded. 

Thee question arises whether the quantity of cytokine administered in the 

presentt study was large enough to induce any effect on human regulatory systems. 

Thee molar amount of IFN-y administered in the present study (6.1 nmol/m2) was 

higherr than the amounts of TNF-oc, IL-6 and IFN-oc administered in our previous 

studiess in humans in which profound euthyroid sick syndrome-like features were 
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inducedd (TNF-a 2.8 nmol/m2, IFN-a 1.3 nmol/m2 and IL-6 3.8 nmol/m2)( 19-21). 

Moreover,, the serum levels reached in these previous studies were in the same range 

ass in the present IFN-y study (IFN-y 3.1 x 10~2 pmol/ml vs IL-6 2.8 x 102 pmol/ml and 

IFN-aa 6.2 x 10"3 pmol/ml; TNF-a levels were higher due to intravenous, bolus 

administrationn and are therefore not suited for this molar comparison (20)). Moreover, 

IFN-yy induced effects on endocrine and non-endocrine systems; a moderate but 

significantt increase in ACTH and Cortisol levels was detected (16). Additionally, 

monocytee HLA-DR expression increased with -100% and leukocyte dynamics were 

considerablee altered by IFN-y (16,22). Finally, in the present study plasma levels of 

IFN-yy were in the same range as those reported in several nonendocrine diseases, like 

sepsis,, HIV and malaria (8,23,24). Therefore, it is unlikely, that we administered an 

insufficientt dose of IFN-y. 

IFN-yy administration induced a modest but significant elevation in IL-6 

plasmaa levels. Although IL-6 administration influences thyroid hormone 

metabolismm in humans (21), elevated IL-6 levels did not reflect such influences in 

thee present study. It is unclear whether the absence of an IL-6 induced effect, is 

causedd by the only small change in IL-6 concentrations. 

Thee effect of chronic IFN-y administration on human thyroid hormone 

metabolismm has been studied previously in chronic type B hepatitis patients by 

Kungg et.al. (25). In parallel with our results, there was no effect of chronic IFN-y 

administrationn on thyroid hormone metabolism (25). In the present study, short 

termm effects of IFN-y were evaluated. Short term effects of cytokine administration 

onn thyroid hormone metabolism should be distinguished from effects of chronic 

cytokinee administration, since those effects can differ significantly, as has been 

shownn for IL-6 and IFN-a (21,26-28). IFN-y however, induced neither acute nor 

chronicc influences on thyroid hormone metabolism. 

Inn contrast to in vitro and in vivo studies in animals, the present study fails to 

demonstratee a role of IFN-y as an humoral mediator of the euthyroid sick 

syndrome.. This observation, however, does not exclude that under certain 

circumstancess IFN-y may have other influences the thyroid gland. For, instance, in 

vitro,, IFN-y induces HLA-DR expression on thyroidal cells (13,29). Therefore it is 

suggestedd that IFN-y, produced by activated T-lymphocytes infiltrating the thyroid, 

inducess aberrant HLA-DR expression on human thyrocytes, which may trigger 

68 8 



IFN-yIFN-y  does not affect thyroid metabolism in humans 

and/orr maintain autoimmune thyroid disease (30,31)- Moreover, anti-EFN-y 
treatmentt reduces thyroid pathology in experimental autoimmune thyroiditis (32). 
Inn agreement with these observations, IFN-y increased HLA-DR expression on 
monocytess by ~100% in the present study (16). 

Inn conclusion, IFN-y administration to healthy humans does not result in 
shortt term alterations in thyroid hormone metabolism. Our data, in combination 
withh the previous findings of Kung et. al. (25) on chronic IFN-y administration to 
humans,, do not support a role of IFN-y in the pathogenesis of the euthyroid sick 
syndromee in humans. 
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Abstract t 

Too evaluate the influence of IFN-y on leukocyte dynamics, with a focus on naive and memory T-cells, 

wee studied six healthy subjects twice in a placebo-controlled trial: once after administration of 

recombinantt human IFN-y (rhlFN-y, 100 ug/m2 subcutaneously) and, at least 4 weeks later, after 

administrationn of saline. Additionally, we studied the expression of adhesion molecules on T-

lymphocytess after in vitro incubation of whole blood with rhDFN-y. IFN-y induced a significant 

depletionn in the number of T-lymphocytes (p<0.05 vs control), which was more severe in the CD8+ 

thann in the CD4+ T-cell subset. The numbers of naive CD4+ T-cells and memory CD4+ T-cells were 

equallyy affected by IFN-y, whereas within the CD8+ T-cell subset memory/effector cells disappeared 

preferentiallyy as compared to naive cells (p<0.05 vs control). In addition, IFN-y induced a decrease in 

B-cells,, NK-cells and monocytes. After an initial increase, granulocyte counts decreased significantly 

ass compared to controls. These effects appeared not to be due to the minimal rise in plasma Cortisol 

levelss (p<0.05 vs control). In vitro, IFN-y did not upregulate the expression of CD 11 a, NKI LI6, 

CD11 lb, LFA-3 or VLA-4. We conclude that the administration of a single dose of IFN-y to healthy 

subjectss profoundly affects the numbers of several leukocyte subsets in the peripheral blood 

compartment. . 
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Introductio n n 

II
nterferon-gammaa (IFN-y), which is produced by natural killer (NK) -cells and 
activatedd T-cells, is a cytokine with pleiotropic effects on the immune 
system.. In addition to well known immunomodulatory properties like 
upregulationn of MHC molecules and directing an immune reaction towards a 
T-helperr 1 response, IFN-y has effects on the human immune system which 

aree less well defined. One of these effects is its influence on leukocyte traffic (1). 
Inn primary human immunodeficiency virus (HIV) infection, a decrease in CD4+ T-
cellss is usually attributed to viral induced cell death (2). However, in monkeys and 
humanss with acute primary simian immunodeficiency virus (SIV)/HIV infection, a 
reversiblee decline of CD4+ T-cells correlated with increases in IFN-y and tumor 
necrosiss factor- a (TNF-a) plasma levels (3). In rats, IFN-y administration appears 
too influence the migration of T-cells, in particular of naive CD4+ T-cells. These 
observationss suggest a role for IFN-y in T-cell recirculation (4,5). 

Mostt of our knowledge about the effects of IFN-y administration on the 
immunee system, is derived from in vitro experiments, animal studies and 
therapeuticc trials in humans. In studies in which IFN-y is administered to patients, a 
diseasedd immune system and simultaneously administered drug medication may 
confoundd the obtained results. Therefore, we studied the effects of administration 
off  IFN-y on leukocyte dynamics of healthy subjects in a saline-controlled crossover 
studyy and focussed on kinetics of naive and memory effector CD4+ and CD8+ T-
lymphocytes.. Since leukocyte recirculation is influenced by the expression of 
adhesionn molecules, we additionally studied the in vitro effects of IFN-y on the cell 
surfacee expression of CD1 la, NKI L16 (the activation epitope of CD1 la), CD1 lb, 
LFA-3andVLA-4. . 
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Subjectss and Methods: 

Inn vivo studies 
Subjects Subjects 

Sixx healthy male volunteers (age 22  1 yr, mean  SEM) participated in the study. 
Al ll  were in good health, had not experienced any febrile disease in the month prior 
too the study and did not use any medication. The study was approved by the 
Researchh Committee and the Medical Ethical Committee of the Academic Medical 
Center,, Amsterdam. All subjects gave written informed consent. 

StudyStudy design 

Eachh subject was studied twice, with an interval of at least four weeks between the 

twoo studies. On one occasion the subjects received recombinant human interferon-

gammaa (rhIFN-y) (Immukine, Boehringer Ingelheim GmbH, Ingelheim/Rhein, 

Germany),, on the other occasion saline (control study). The order in which rhIFN-y 

orr saline was given was determined by balanced assignment. To rule out any 

effectss of meal intake, subjects were fasted from 6.00 h P.M. the day prior to the 

study,, until the end of the first study day. Before the start of the study, a 19-Gauge 

catheterr was inserted retrogradely into a hand vein. The catheter was kept patent by 

infusionn of NaCl 0.65% (30 ml/h). During both studies the subjects were confined 

too bed. Just before 9.00 h A.M. (t=0) blood samples for baseline Cortisol and IFN-y 

levels,, leukocyte counts and T-cell subsets were drawn {fig. / ). At t=0, 100 ug/m2 

rhIFN-yy or a simular volume of saline was injected subcutaneously. At 30 min and 

1,, 2, 4, 6, 8, 10 and 12 hours after injection of rhIFN-y or saline, blood was drawn 

forr the measurement of Cortisol and IFN-y concentrations and leukocyte counts and 

differentials.. Twenty-four and 48 hours after the injection of rhIFN-y or saline, 

bloodd was drawn for determination of IFN-y serum levels and leukocyte counts and 

differentialss again. Blood were samples taken at t=0 h and at 30 minutes and 4, 8 

andd 24 hours after administration of rhIFN-y for analysis of surface marker 

expressionn on leukocytes. 

Assays Assays 

Bloodd drawn for determination of plasma Cortisol and serum IFN-y levels was 

centrifugedd at 4 °C and 3000 rpm for 10 minutes. Supernatants were immediately 
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storedd at -80 °C. Blood 
drawnn for the determination 
off  leukocyte surface markers 
wass collected in pre-chilled 
EDTA-containingg tubes. 

Al ll  samples were thawed 

onlyy once. Al l measure- Figure 1 Study design: Six healthy subjects were 
mentss in serum of each studied twice; once after administration of rhlFN ŷ and, on 

anotherr occasion, after administration of saline. IFN-y serum 
individuall  subject were levels were determined at the same time points as the 
performedd in the same run J ^ ^ differentials, except for t = 0.5 hours and t = 48 

andd tested in duplicate. 
Cortisoll  was measured using a fluorescence polarization immunoassay (Abbott 
Laboratories,, North Chicago, IL, USA; intra-assay CV 6.4%, inter-assay CV 9.0%) 
IFN-yy w as measured using a sandwich ELISA with a detection limit of 31 pg/ml (6). 
Leukocytee counts and differentials were determined by flow cytometry (Technicon 
HII  system, Technicon Instruments, Tarrytown, USA) 

Celll  surface markers were measured using flow cytofluorometry. Whole blood was 
lysedd twice, using ammoniumchloride (0.155M) with potassium-EDTA (0.5mM) and 
subsequentlyy washed with phosphate buffered saline (PBS) supplemented with bovine 
serumm albumin (BSA, 0.5% w.v.), sodium azide (0.01% w.v.) and potassium EDTA 
(0.55 mM) (=PBAP). Before and after these lysis steps, cells were fixed with 
paraformaldehydee 0.5% w.v. and 2%, respectively. Subsequently, Fc-receptors were 
blockedd using pooled human serum (10% v.v.) in PBAP. Then, cells were incubated 
withh directly labeled monoclonal antibodies (mAbs) in appropriate dilutions. 
Irrelevantt mouse mAbs were used as control for background staining. After 30 min 
thee incubated cells were washed and suspended in PBAP. Cells were constantly kept 
onn ice during incubation periods. For washing procedures, media chilled to 0 C were 
used.. Data acquisition was performed on a FACScan flow cytometer (Becton 
Dickinson,, Mountain View CA, USA). All data were saved. Acquisition was stopped 
afterr 5000 events had been measured in the lymphogate. Lymphocytes, monocytes 
andd neutrophils were gated by forward and side scatter parameters. 

PrimaryPrimary antibodies 
Three-colorr cytofluorometry was used. All mAbs were directly labeled with 
fluorochromes.. Irrelevant antibodies used as isotope controls were fluorescein 
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isothiocyanatee (FITC)-, R-phycoerythrin-cyanide 5 (RPE-Cy5)- or phycoerythrin 
(PE)-- labeled, all directed against mouse antigens. 

Inn all combinations of mAbs used, mAbs directed against CD4 (DAKO, Glostrup, 
Denmark)) and CD8 (DAKO) were RPE-Cy-5-labeled. Other mAbs used were FITC-
labeledd mAbs against CD4 (DAKO), CD16 (Central Laboratory of the Netherlands 
Redd Cross Blood Transfusion Service (CLB), Amsterdam, The Netherlands), CD1 la 
(DAKO),, CD19 (BD), CD45RA (BD) and PE-labeled mAbs directed against CD62L 
(BD)) and CDllb (DAKO). NK-mix was FITC and PE-labeled (BD). Naive cells are 
definedd as cells expressing CD45RA and CD62L as described by Rabin et al (7). 
Consequently,, memory/effector T-cells are defined as CD45RA7CD62L' or 
CD45RAA 7CD62L+ or CD45RA7CD62L". 

Inn Vitro studies 

StudyStudy design 

Bloodd of three healthy male volunteers was sampled by venapuncture in heparinized 
tubess (sodium heparin). Immediately after sampling, blood of each individual was 
dividedd over different tubes which were kept in a 37 °C waterbath. At r=0 hour, 
rhIFN-YY was added (1000 pg/ml, two times the mean plasma peak concentration of 
IFN-yy reached during the in vivo study). OKT3 (Ortho Diagnostics System, Raritan, 
NJ,, USA), a murine IgG2a mAb against CD3+ T-lymphocytes, served as a positive 
controll  (lug/ml) (8). At tH), 1 and 6 h blood samples were taken and expression of 
surfacee markers was analyzed. 

Too be able to measure changes in expression of the activation epitope of the adhesion 
moleculee CD1 la, NKI LI6 (9,10), a FACS analysis protocol which did not forescribe 
thee use of potassium-EDTA was chosen. Peripheral blood mononuclear cells (PBMC) 
weree isolated by Ficoll-Paque density gradient centrifugation and subsequently 
washedd using PBS supplemented with BSA (0.5% w.v.) and sodium azide (0.01% 
w.v.)(PBA).. PBMC were incubated with directly labeled mAbs in appropriate 
dilutions.. For further procedures, see above. 
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1.8.11.8.1 Primary antibodies 
Thee mAbs used were CD4, CD8, CD45RA, CD lib , CDlla (same labeling and 
manufacturerss as in vivo study), CD45RO-PE (BD), NKI L16-FITC (kindly provided 
byy Prof. C.G. Figdor, Nijmegen, The Netherlands), LFA-3-FITC (Immunotech, 
Marceille,, France) and VLA-4-PE (BD). 

CalculationsCalculations and statistic 

Al ll  data are presented as the mean  SEM, unless mentioned otherwise. Data were 
analyzedd by analysis of variance for randomized block design and Newman-Keuls 
testt when appropriate. A p-value of < 0.05 was considered to represent statistical 
significance. . 

Results s 

Inn vivo studies 

IFN-yIFN-y plasma concentration 

Duringg the control study, IFN-y levels remained below or just above the detection 

limi tt of the assay (31 pg/ml). In the intervention study, IFN-y levels increased 

gradually,, reaching a peak level at 6 hours after administration (p < 0.05 

interventionn vs control) (fig. 2). Plasma values of IFN-y at 24 hours after IFN-y 

injection,, were not different 

ZOO--

'S,, 500-

?T?T  250-

00 2 4 
- [[ 1 1 1 1 1 1 1 r 

88 10 12 14 16 18 20 22 24 

fromm pretreatment values. 

FigureFigure  2 Effect s of IFN^y 
administratio nn on IFN-y plasm a 
concentration ::  Plasm a IFN-y 
concentratio nn (mean  SEM) 
afterr  rhlFN^ y admi-nistratio n 
(close dd circles)  vs salin e 
administratio nn (open circles) . 
* == P<0.05 vs the correspon -
din gg value  on the contro l day. 

timee (hours ) 
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LymphocyteLymphocyte counts and T-cell subsets 

CD4,CD4, CD8, naive- and memory T- cells 

Baselinee lymphocyte counts did not differ between the two studies. During the 

controll  day a circadian rhythm of leukocyte circulation was observed (fig. 3). 

Alreadyy 2 hours after the administration of IFN-y, lymphocyte counts showed a 

sharpp decline, reaching a nadir after 6 hours (p<0.05 vs t=0 h, p<0.05 vs control 

study,, fig. 3). Subsequently a slow recovery of lymphocyte counts started, although 

baselinee values had not yet been reached at t=48 h. 
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FigureFigure 3 Effects of \FN-y ad
ministrationn on leukocyte counts: 
Leukocytee counts (mean  SEM) 
afterr rhlFN^y administration (clo
sedd circles) vs saline admin
istrationn (open circles). 
* == P<0.05 vs the corresponding 
valuee on the control day. 
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FigureFigure  4 Effect s o f s.c . IFN-y administratio n on T lymphocyt e subsets : 
Meann value s  SEM as percentag e relativ e to th e value s at t=0 h of CD4+ T cell s (4a) and 
CD8++ (4b) T-cell s and percentag e (mean  SEM) of memor y T-cell s withi n th e CD4* (4c) T-cel l 
subse tt  and memory/effecto r cell s withi n th e CD8+ (4d) T-cel l subse t afte r rhlFN- y 
administratio nn (close d circles ) v s salin e administratio n (ope n circles) . Absolut e valu e o f 
CD4** T-cell s at t=0 h: 0.88  0.13 x 109/L. Absolut e valu e of CD8+ T-cell s at t= 0 h: 0.41 + 0.04 
xx 109/L . * = P<0.05 vs th e correspondin g valu e on th e contro l day . 

Thee absolute number of CD4+ and CD8bright T-cells showed a decline starting 4 

hourss after the administration of IFN-y, which lasted until at least t=24 h. At t=8 

hh the depletion in the CD8bright T-cell subset (46% of t=0 value) was significantly 

lowerr (p<0.05) than the decrease in CD4+ T-cells (57 % of t=0 value) (fig. 4). 

Noo differences were detected in the percentage of naive or memory cells within the 

CD4++ T-cell subset. On the contrary, within the CD8bright T-cell subset, 

memory/effectorr cells disappeared preferentially as compared to naive cells 

(p<0.05)(//g.44 and 5) The most outspoken decrease in percentages took place in the 

CD45RA"" CD62L" subpopulation. There were no significant effects of IFN-y on the 

memory/effectorr CD8bright T-cell subpopulations expressing CD45RA+ CD62L" and 

CD45RA"" CD62L+. No significant changes were observed in the control group. 
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1.8.21.8.2 B-cells andNK cells 

Thee percentage of B-cells did not show a significant change between the control 

andd intervention studies. The percentage of NK cells decreased after 4 hours, 

reachingg its nadir after 8 h 5 at t=0 h vs % at t=8 h, p<0.05 vs 
control). . 
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FigureFigure  5 Naive and memory/effecto r CD8bngh ' T-cell s after salin e or IFN^y: 
Sixx  health y subject s were studie d twice : onc e after administratio n of rhlFN-y and, on anothe r 
occasion ,, after administratio n of saline . Withi n the CD8bngh ' T-cell sub-se t memory/effecto r T-
cell ss  (CD45RAVCD62L or CD45RA/CD62L ' or CD45RA7CD62L" ) are preferentiall y depleted . 
Number ss show n are the percentage s of CD8bngh t T-cell s positiv e or negativ e for CD45RA 
and/o rr  CD62L. The figur e show n is one re-presentativ e (t=0 and t=8 hour s after salin e or IFN-
y)) out of 6 differen t subjects . 
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MonocyteMonocyte and granulocyte counts 
Thee total number of monocytes initially showed a sharp nadir with a maximal 
decreasee after 2 hours (p<0.05 vs control study). This monocytopenia was rapidly 
followedd by a recovery which proceeded in an overshoot reaction at t=24 h (p<0.05 
vss control study). At the end of the study monocyte counts had returned to baseline 
valuess (fig. 3). 
Neutrophilicc granulocyte counts reached a peak level at t=8 h (p<0.05 vs t=0 h, 
p<0.055 vs control study). Subsequently a depletion, which was still apparent 48 hours 
afterr the administration of IFN-y, could be observed {fig. 3). 

EndocrineEndocrine effects after administration of IFN-y 
Baselinee Cortisol levels did not differ between the two studies. After administration 
off  IFN-y, a modest, transient increase in Cortisol levels with a peak after 4 hours 
wass found 4 at t=0 vs 9 umol/1 at t= 4, p<0.05 vs control). 

Inn vitro studies 
Theree was no effect of IFN-y on any measured parameter as compared to negative 
controls,, whereas OKT3 (positive control) enhanced NKI L16 expression on both 
CD4++ and CD8bright naive and memory T-cells after incubation periods of one and 
sixx hours (data not shown). 

Discussion n 

Inn this study the influence of administration of a single dose of IFN-y on leukocyte 
dynamicss in healthy human individuals was evaluated. IFN-y induced immediate 
effectss on leukocyte counts in the peripheral blood compartment (PBC) consisting 
off  an early decrease in T-lymphocytes, B-cells, NK-cells and monocytes, 
parallelledd by a rise in the number of granulocytes. Within the T- lymphocyte 
subset,, CD8+ T-lymphocytes showed a more pronounced decrease than CD4+ T-
lymphocytes.. In addition, memory CD8+ T-lymphocytes were affected more severe 
thann their naive counterparts. 
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Cytokiness have since long been recognized for their pleiotropic effects on 

thee immune system. Their specific roles in human pathophysiology are often 

unexplained.. Because of its activating effects on the cellular immune system and 

onn macrophages in particular, IFN-y is an approved drug for the treatment of 

chronicc granulomatous disease (CGD) (11). Moreover, many clinical trials on the 

effectss of IFN-y have been undertaken on a spectrum of other diseases (12,13). 

However,, interpretation of data in patient bound studies is difficult due to 

intercurrentt disease and co-administration of other drugs. For this reason, we 

choosee to study the effects of IFN-y after its administration to healthy volunteers. 

Thee plasma IFN-y levels after IFN-y administration were within the range of those 

reportedd in several diseases. For example, in acute malaria IFN-y levels were 

11 pg/ml, in HIV infection 215-396 pg/ml and in pneumonia 238-867 pg/ml 

(14-17).. For this reason, our study is relevant with respect to the short term effects 

off  moderate increased IFN-y levels in human pathology. The effects of IFN-y on 

granulocytee activation had already been studied in healthy humans (18). However, 

thee outspoken granulocytosis we measured during the first study day, was not 

detectedd in the study from Schiff et al. due to late sample time points in the latter. 

Thee question arises whether the observed decrease in lymphocyte counts 

wass induced by increased levels of corticosteroids, since Cortisol and its analogues 

(i.e.. prednisolone) are known to induce lymphocytopenia (19,20). In our study, 

plasmaa Cortisol levels rose significantly. This is in accordance with studies of 

Goldsteinn and Spath-Schwalbe on the endocrine effects of IFN-y in man (21,22). 

Enhancedd plasma Cortisol levels were detected only four hours after the 

administrationn of IFN-y. However, the total number of lymphocytes was already 

significantlyy decreased at 2 hours before this enhanced plasma Cortisol 

concentration.. Moreover, 30 mg of prednisolone has to be administered to achieve 

aa decrease in lymphocyte counts which is comparable with the lymphocytopenia 

seenn in our study (23). Administration of this dose of prednisolone induces a peak 

plasmaa concentration that is similar to a Cortisol plasma level of 4 umol/1 (24). In 

ourr study, the administration of IFN-y induced a peak plasma concentration of 

Cortisoll  which was a tenfold lower, reaching 0.41 umol/1. Thus, the enhanced 

Cortisoll  levels in our study cannot be responsible for the observed decrease in 

lymphocytee counts. 
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Thee transient decrease in peripheral blood lymphocyte counts suggests an effect of 
IFN-yy on t ne migration of these cells. Possibly, IFN-y causes a redistribution of 
lymphocytess between the peripheral blood and lymphoid organs. Whether this 
redistributionn is due to an increased influx of cells from the peripheral blood 
compartmentt to lymphoid organs, or to a decreased efflux of cells, can not be 
deducedd from this study. An effect of IFN-y on lymphocyte redistribution may 
theoreticallyy be exerted on the circulating lymphocyte itself, on the lymphoid 
organss involved in lymphocyte recirculation, or on both. A transient conversion of 
memoryy cells to naive T-cells seems unlikely, since this phenomenon takes place in 
aa period of days instead of hours (25,26). We could not demonstrate an in vitro 
effectt of IFN-y on several lymphocyte adhesion molecules. In vitro studies suggest 
thatt the binding on endothelial cells occurs at least partly independent from the 
ICAM-1/CD11 la pathway (27-29). Indeed, in our in vitro experiments, stimulation 
off  whole blood with IFN-y did not enhance expression of CD 11 a, nor of its 
activationn epitope NKIL16 on T-lymphocytes. Additionally, no influence of IFN-y 
onn the expression of CDlla or CD li b on CD4+ T-cells drawn from our IFN-y 
treatedd subjects could be demonstrated (data not shown). Therefore, IFN-y 
probablyy interferes with homing of lymphocytes via an effect on endothelial cells, 
whichh is supported by data in the literature (30,31). In healthy subjects, we 
measuredd effects on lymphocyte numbers in the peripheral blood already 2 hours 
afterr IFN-y administration. An early effect on the migration of lymphocytes 
mediatedd by endothelial cells is considered and supported by data from the 
literature.. Incubation of endothelial cell monolayers with IFN-y for only 1 hour 
causedd an increase of lymphocyte migration of 67% (31). However, we do not 
excludee that mechanisms other than effects on endothelial cells may play a role as 
well.. Finally, unequal effects upon the subpopulations under study may point to 
selectivee expression of IFN-y receptors or to the existence of yet unknown 
receptorss on these cells which are involved in the migration of lymphocytes and 
whichh are differentially affected by IFN-y. 

Thee results of this study, indicating a dominant influence of IFN-y on 
memory/effectorr CD8+ T-lymphocytes in humans, are in contrast to data obtained 
inn vivo in rats, in which IFN-y administration induced lymphocytopenia, 
predominantlyy of naive CD4+ T-cells (4,5). However, an isolated effect on CD8+ T-
cellss is in accordance with findings in lymphocyte adhesion studies in vitro, in 
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whichh IFN-y treated endothelial cells preferentially bound CD8+ human T-

lymphocytess (32). Probably, several species are differentially susceptible to the 

effectss of IFN-y. 

Speculations Speculations 

Inn general, CD8+ T-cells and NK cells are attracted to lymphoid organs to 

encounterr possible antigens. In this way, IFN-y, which also increases the 

expressionn of MHC class I molecules, enhances the interaction between host cells, 

whichh present viral peptides, and CD8+ T-cells. At the same time, the increase in 

MHCC class I expression protects uninfected host cells against an attack by NK-

cells. . 

Inn conclusion, IFN-y has profound effects on leukocyte dynamics in 

healthyy humans. Within the T-lymphocyte subset, IFN-y exerts a selective effect on 

CD8++ T-cells, inducing a preferential decrease of memory/effector cells in the 

peripherall  blood compartment. 
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Abstract t 

Cytokiness are important mediators involved in the pathogenesis of sepsis. Administration of 

cytokines,, like tumor necrosis factor (TNF)-cc and interleukin (IL)-6 to animals and humans mimics 

disturbancess on acute phase protein levels, leukocyte activation parameters and coagulation and 

fibrinolysisfibrinolysis as seen in sepsis. Clinical data and studies in animals suggest that interferon (IFN)-y is 

anotherr mediator in the host inflammatory response, which could be of importance in the 

pathophysiologyy of sepsis. The role of IFN-y in human host inflammatory responses, however, has 

notnot been studied. To evaluate the role of IFN-y on the human inflammatory response, we studied the 

acutee effects of recombinant human IFN-y (rhIFN-y, s.c. 100 ug/mz) administration on a selection of 

hostt inflammatory mediators: the cytokine/chemokine cascade system, acute phase proteins, humoral 

andd membrane activation markers of the innate cellular immunity and coagulation/fibrinolysis 

parameters.. IFN-y increased plasma levels of IL-6, IL-8 and IFN-gamma inducible protein-10 (IP-10) 

(p<0.05),, but did not affect plasma levels of other cytokines (IL-2, IL-4, IL-10, TNF-ot, IL-

12p40/p70).. Plasma concentrations of C-reactive protein and secretory phopholipase A2 both 

increasedd (p<0.05). Plasma levels of the leukocyte activation marker elastase-alphal-antitrypsin 

complexess increased after IFN-y administration (p<0.05), IFN-y increased the percentage of high 

affinityy Fey- receptor (FcyRI) positive neutrophils (p<0.05), but did not affect the mean fluorescence 

intensityy of FcyRI on neutrophils. There was a modest procoagulant and profibrinolitic effect of IFN-

y,, as evidenced by increased plasma levels of prothrombin fragment F1+F2, tissue-plasminogen 

activatorr and plasmin-alpha2-anti-plasmin complexes (p<0.05). We conclude that IFN-y selectively 

affectss host inflammatory mediators in humans. 
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Introductio n n 

SSepsiss is a clinical syndrome with a high mortality, induced by an excessive 
hostt inflammatory response to invading microorganisms and their products. 
Severee sepsis may result in serious hemodynamic, metabolic, coagulatory 

andd fibrinolytic derangement's (1-3). Among important mediators involved in the 
hostt inflammatory response are subsets of leukocytes, complement and 
coagulation// fibrinolysis cascade systems and cytokines (1,4,5). 

Cytokiness that are enhanced in sepsis are tumor necrosis factor-a (TNF-a), 
Interleukin-ipp (IL-lp), EL-6, IL-10 and interferon-gamma (IFN-y) (4,6-8). 
Evidencee for the pivotal role of cytokines in the host inflammatory response are 
derivedd from human and animal studies in which endotoxin, cytokines or 
neutralisingg antibodies to cytokines or receptors were administrated (4). 

IFN-yy is a pleitropic proinflammatory cytokine which is produced by 
severall  cell types, including activated lymphocytes, natural killer cells and 
macrophagess (9). Animal studies are contradictory about the role of IFN-y in 
sepsis.. Pretreatment of endotoxin-challenged mice with homologous IFN-y 
increasedd mortality (10). Antibodies to IFN-y protected against LPS-induced 
lethalityy in mice and chimpanzees, even when antibodies were administered 2 
hourss after the challenge (10-12). These data indicate a proinflammatory role of 
IFN-y.. However, IFN-y receptor deficient (IFN-yR"') mice suffering from sepsis 
originatingg from a local infection, showed a decreased survival as compared to 
TNF-ocR"""  mice and controls, indicating a protective role of IFN-y levels in 
survivingg sepsis (13). Hence, the role of IFN-y in human host inflammatory 
responsess is not fully understood. 

Too evaluate the role of IFN-y in the human inflammatory response, we measured in 
healthyy subjects, in a saline-controlled crossover study, the acute effects of 
recombinantt human IFN-y (rhIFN-y, s.c. 100 ug/m2) administration on a selection 
off  host inflammatory mediators: the cytokine/chemokine cascade system, the acute 
phasee proteins, humoral and membrane activation markers of the innate cellular 
immunityy and coagulation/fibrinolysiss parameters. 

91 1 



ChapterChapter 5 

Subjectss and Methods 
Subjects Subjects 
Sixx healthy male volunteers (age 22  1 yr, mean  standard error [SE]) participated 
inn the study. They were all in good health, had not experienced any febrile disease in 
thee month prior to the study and did not use any medication. The study was approved 
byy the Research Committee and the Medical Ethical Committee of the Academic 
Medicall  Center, Amsterdam. All subjects gave written informed consent. 

StudyStudy design 

Eachh subject was studied twice, at least four weeks elapsed between the two study-

periods.. On one occasion the subjects received recombinant human interferon-gamma 

(rhTFN-y)) (Immukine, Boehringer Ingelheim GmbH, Ingelheim/Rhein, Germany), on 

thee other occasion saline (control study). The order in which rhIFN-y or saline was 

givenn was determined by balanced assignment. Before the start of the study, a 19-

Gaugee catheter was inserted into a hand vein. The catheter was kept patent by infusion 

off  saline solution. During both studies the subjects were confined to bed. Just before 

9.000 A.M. (t=0) blood samples for baseline values were collected. At t=0, 100 |xg/m2 

rhIFN-yy or a similar volume of saline was injected subcutaneously. At 30 min and 1, 

2,4,, 6, 8,10,12 and 24 hours after injection of rMFN-yor saline, blood was drawn for 

thee measurement of leukocytes and differential counts, plasma cytokines, leukocyte 

activationn markers, acute phase proteins and coagulation/fibrinolysis parameters. 

Additionally,, at t=48 hours after injection of IFN-y, blood was drawn for 

determinationn of plasma cytokine and acute phase protein levels. 

Assays Assays 

Bloodd drawn for determination of plasma parameters was collected in tubes 
providedd with adequate additives and centrifuged at 4 °C for 10 minutes at 1550 g. 
Supernatantss were immediately stored in aliquots at -80 °C. All samples were 
thawedd only once. Serial plasma samples of each individual subject were tested in 
thee same run in duplicate. IFN-y plasma levels were measured using an in-house 
sandwichh ELISA with a detection limit of 31 pg/ml (14). IL-2, IL-4, IL-6 IL-10, 
TNF-a,, IL-12p40, IL-12p70, C-reactive protein (CRP) and secretory phopholipase 
A22 (sPLA2) plasma levels were measured using sandwich ELISA's (CLB, 
Amsterdam,Amsterdam, The Netherlands). IL-8 and interferon-gamma inducible protein-10 
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(IP-10)) were also measured by 
ELISAA (Biosource, Etten-Leur, 
Thee Nether-lands; and R&D 
Systems,, Abington, UK, respec-
tively).. Plasma con-centrations of 
neutrophilicc elastase complexed to 
ocii  -antitrypsin (elastase-oclAtc, re-
ferredd to as elastase) and 
lactoferrinn were measured by spe-
cificc radioimmunoassays (RIA) 
(15).. Coagulation and fibrinolysis 
parameterss in plasma were de-
tectedd by ELISA; thrombin-anti-
thrombinn III (TAT) complexes 
(Behringwerkee AG, Marburg, 
Germany),, prothrombin fragment 
F1+F22 (Behringwerke AG, Mar-
burg,, Germany), plasmin-oc2-anti-
plasminn (PAP) (16), tissue-plas-
minogenn activator (t-PA; Asser-
achromm t-PA, Diag-nostica Stago, 
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FigureFigure  1 Effect s of IFN^y administratio n 
onn cytokine s and chemokine s in 
plasma : : 
Sixx  health y male subject s were studie d 
afterr  administratio n of rhlFN^(10 0 pg/m 2 

s.c ;;  close d circles ) and after 
administratio nn of salin e (open circles) . 
Depicte dd are plasm a IFN-y, IL-6, IL-8 and 
IP-100 concentration s (mean  SE). * = 
P<0.055 vs the correspondin g value  on 
thee contro l day. 
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Asnieres-sur-Seine,, France) and plasminogen activator-inhibitor type 1 (PAI-1; 
TintElizee PAI-1, Biopool, Umea, Sweden). Neutrophil counts were determined by 
floww cytometry (Technicon HI system, Technicon Instruments, Tarrytown, USA). 
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Neutrophilicc expression of FcyRI (CD64, high affinity Fc receptor for IgG) was 

measuredd using flowcytometry (at t=0, 30 min, and 4, 8 and 24 hours) as described 

previouslyy (17). Cells were incubated with anti-CD64 monoclonal antibodies 

(mAbs)) directly labeled with fluorescein isothiocyanate (Medarex, Annandale, NJ, 

USA).. Neutrophils were gated by forward and side scatter parameters. 

CalculationsCalculations and statistics 

Dataa are presented as the mean  SE and analysed by analysis of variance for 
randomisedd block design and Wilcoxon test to compare data at individual time points. 
AA p-value of < 0.05 was considered to represent statistical significance. 
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FigureFigure  2 Effect s of IFN^y 
administratio nn on plasm a acut e phas e 
protei nn concentrations : 
Sixx  health y male subject s were studie d after 
administratio nn of rhlFN^ y (100 ug/m 2 s.c ; 
close dd circles ) and after administratio n of 
salin ee (open circles) . Depicte d are plasm a 
CRPP and sPLA- 2 concentration s (mean
SE).. * = P<0.05 vs the correspondin g 
valu ee on the contro l day. 
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FigureFigure  3 Effect s of IFN^y 
administratio nn on plasm a neutrophi l 
activatio nn marke r concentrations : 
Sixx  health y male subject s were studie d 
afterr  administratio n of rhlFN-y (100 ug/m 2 

s.c ;;  close d circles ) and after admi -
nistratio nn of salin e (open circles) . Depicte d 
aree plasm a concentration s of lactoferri n 
andd elastas e (mean  SE). = P<0.05 vs 
thee correspondin g valu e on the contro l 
day. . 
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Results s 
Baselinee levels of all parameters did not differ between the control and intervention 
study. . 

ClinicalClinical effects of IFN-y 
IFN-yy caused an increase in temperature from 36.2  0.2 to 36.9  0.1 °C (p<0.05 
versuss control). Blood pressure was not different between the control and 
interventionn studies, whereas the pulse rate increased significantly after IFN-y (18). 
IFN-yy administration did not cause chills, nausea or other signs of acute illness. 

CytokinesCytokines and chemokines (fig.1) 
Cytokines:Cytokines: During the control study, IFN-y levels remained around the detection 
limitt of the assay (31 pg/ml). In the intervention study, IFN-y levels increased 
graduallyy to 518  96 pg/ml after 6 hours (p<0.05 vs control). The IFN-y plasma 
levelss at 24 and 48 hours after IFN-y injection were not different from pretreatment 
values.. Upon IFN-y administration plasma levels of IL-6 gradually increased to 
reachh peak levels at 12 hours after the injection (p<0.05 vs control). In contrast, 
IFN-yy administration had no effect on plasma levels of IL-2, IL-4, IL-10, TNF-a, 
IL-12p40andIL-12p70. . 

Chemokines:: No changes in chemokine levels (IL-8, IP-10) were detected 
uponn injection of saline. IL-8 levels increased 12 hours after IFN-y (p<0.05 vs 
control)) to return gradually to baseline thereafter. IP-10 levels were increased 
alreadyy 1 hour after IFN-y to reach peak values at t=4 hours (p<0.05 vs control). 

AcuteAcute phase proteins (fig. 2) 
Noo changes in APP levels (CRP, sPLA2) were detected during the control study. 
Plasmaa CRP level started to increase 24 hours after IFN-y administration and was 
significantlyy elevated at t=48 hours (p<0.05 vs control study). sPLA2 reached a 
peakk level at 24 hours after IFN-y and had not yet returned to baseline levels at 
t=488 hours (p<0.05 vs control study). 

GranulocyteGranulocyte and monocyte activation (figs. 3 and 4) 
Noo changes in leukocyte activation markers (elastase and lactoferrin) were detected 
duringg the control study. Levels of elastase were elevated 8 hours after IFN-y 
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FigureFigure  4 Effect s of IFN^y 
administratio nn on FCyRI (CD64) expressio n 
onn neutrophils : 
Sixx  health y male subject s were studie d after 
administratio nn of rhlFN-y (100 ug/m 2 s.c ; 
close dd circles ) and after administratio n of 
salin ee (open circles) . 
UpperUpper  panel:  Percentag e of periphera l 
bloo dd neutrophil s expressin g FcyRI (mean 

 SE). * = P<0.05 vs the correspondin g 
valu ee on the contro l day. 
LowerLower  panel:  MFI of FcyRI on the tota l 
periphera ll  bloo d neutrophi l populatio n 
(meann  SE). Difference s betwee n the 
contro ll  and interventio n studie s were not 
significan tt  (MFI = mean fluoresenc e 
intensity) . . 
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(p<0.055 vs control study). No effect of IFN-y on plasma lactoferrin levels was 

observed. . 
Noo changes in expression of CD64 (MFI or percentage of positive cells) were 

detectedd during the control study. After IFN-y administration, the percentage of 

CD64++ neutrophils increased (p<0.05 vs control), whereas no effect was measured 

ontheMFIofCD64. . 

CoagulationCoagulation and fibrinolysis (fig 5) 

Coagulation.Coagulation. No changes in parameters of stimulation and inhibition of 

plasminogenn activation were detected during the control study. IFN-y induced a 

significantt increase of prothrombin fragment F1+F2 levels at t=12 hours (p<0.05 vs 

control).. Simultaneously, TAT-complexes tended to increase although the changes in 

levelss did not reach significance. 

FibrinolysisFibrinolysis During the control study no changes were detected. IFN-y 

inducedd transient increases in plasma t-PA antigen and PAP complexes (t-PA and 

PAP;; P<0.05 vs controls). No effect was observed on PAI-1 levels. 
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Discussion n 

Ourr data show that IFN-y administration to 
healthyy subjects induces profound effects on 
circulatingg chemokine levels, neutrophil 
activation,, acute phase protein release and 
coagulation/fibrinolysiss parameters, with 
onlyy mild clinical signs of inflammation and 
-exceptt for a moderate IL-6 response- no 
effectss on plasma cytokine levels. 
Administrationn of TNF-oc, IL-6 or IFN-oc in 
comparablee molar amounts, however, is 
knownn to induce much stronger effects on 
bloodpressuree and temperature and even 
causess nausea (19-21). Our observations are 
relevantt for human pathophysiology, since 
meann IFN-y serum levels during the present 
studyy (-105 pg/ml) are in range with those 
reportedd in septic shock patients with 
increasedd IFN-y levels (33-630 pg/ml) (8). 
Thee present study can not be compared with 
dataa from literature since effects of IFN-y 
onn the host inflammatory response have not 
beenn investigated in humans, except for two 
studiess by Gluzko and Schiff on fibrinolysis 
andd granulocyte activation, respectively 
(22,23). . 

FigureFigure  5 Effect s of IFN^y administratio n on 
fibrinolysi ss  and coagulatio n parameters : 
Sixx  health y male subject s were studie d after 
administratio nn of rhlFN- y (100 ug/m 2 s.c ; close d 
circles )) and after administratio n of salin e (open 
circles) .. Depicte d are plasm a concentration s of t-
PA,, PAP complexes , PAI-1, prothrombi n fragmen t 
F1+F22 and TAT-complexe s (mean  SE). * = 
P<0.055 vs the correspondin g valu e on the contro l 
day. . 

E E 

< < a. a. 

I I 
o o u u 
k k 
a. a. 

E E 

"a a 

4 --

2 2 

1CH H 

~~ 6-

1.50 0 

JJ 1.25-

I I 
£.1.00 0 
CM M 
+ + 

LLO.75 LLO.75 

0.50J J 

ff  10 

c c 
a a 
x x 
Si Si 
a. a. 

5 5 -i i 

tim e e 

122 16 

(hours ) ) 

97 7 



ChapterChapter 5 

Inductionn of experimental endotoxemia in humans and non-human primates, 

inducess activation of cytokine cascade within one to two hours (4). This response 

startss with an elevation of plasma TNF-oc, subsequently followed by rises of IL-1 

andd IL-6 (after 2-3 hours) (24,25), and IL-12p40/70 (3 hours) (26). In human 

experimentall  endotoxemia, plasma levels of IFN-y do not increase, whereas in 

animall  models a more severe challenge is consistently followed by an increase in 

circulatingg IFN-y levels (24,26). A potent inducer of IFN-y in vitro and in vivo is 

IL-122 (27). The relation between IL-12 levels and BFN-y in vivo, however, seems 

too be complicated. In septic baboons high IL-12 levels did not correspond with 

highh levels of IFN-y (26), whereas in mouse models neutralization of IL-12 

abrogatess IFN-y responses (28). Moreover, IFN-y is thought to be involved in a 

positivee feedback loop with IL-12 production (26,29). The course of IL-12p40/70 

andd IFN-y induction in septic baboons is consistent with such a positive feedback 

loopp (26). In the present study, however, IFN-y alone did not induce measurable 

levelss of IL-12p40 or IL-12p70. Thus, apparently, the positive feedback regulation 

off  IL-12 production by IFN-y requires participation of other cytokines. IFN-y did 

alsoo not affect IL-10 levels or the production of other pro- or anti-inflammatory 

cytokines,, except for a modest elevation of plasma IL-6, which is in agreement 

withh in vitro data (30). This observation argues for a role of IFN-y as an end-effect 

mediatorr in the cytokine cascade. 

IL-8,, a chemokine which is associated with neutrophil trafficking (31), 

startedd to increase 12 hours after IFN-y administration. However, plasma levels of 

IP-10,, another member of the CXC chemokine subfamily, increased almost 

immediatelyy after IFN-y administration. These differences may be due to a direct 

effectt of IFN-y on IP-10 and an indirect effect of IFN-y on IL-8 release. On the 

otherr hand, it may point to different post-receptor mechanisms, i.e. to different 

signal-transductionn pathways. The rapid increase of IP-10 upon IFN-y 

administrationn in our study is in agreement with in vitro data, in which IP-10 

mRNAA induction started within 30 minutes past IFN-y stimulation of a lymphoma 

celll  line, and peaking at 5 hours post IFN-y (32).. IFN-y upregulates monocyte IL-8 

genee expression, possibly by a posttranscriptional mechanism (33,34). However, a 

negativee effect of IFN-y on monocyte IL-8 production has also been described 

(35,36).. Anyway, the increase of IL-6, IL-8 and IP-10 stresses the important 
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immunoregulatoryy properties of IFN-y in the context of an inflammatory response 
inn humans. 

Twoo major APP's, CRP and sPLA2, increased following IFN-y 
administration.. The mechanism for this increase is not completely clear. IFN-y can 
directlyy induce APP production by hepatoma cell-line Hep G2 in vitro (37). On the 
otherr hand, we can not exclude that IL-6 is involved in the production of APP's. A 
thirdd stimulator of APP secretion are corticosteroids. In our study, however, no 
correlationn was found between the increase in Cortisol and in APP's. That the initial 
elevationn of sPLA2 was followed soon by an increase of circulating CRP fits with 
thee concept that APP's interact with injured cells (38,39). 

Duringg degranulation neutrophilic granulocytes release elastase and 
lactoferrin,, which are considered as markers for neutrophil activation (40,41). IFN-
yy selectively induced the release of elastase, but not of lactoferrin. This discrepancy 
iss remarkable, since the trigger needed to release elastase is considered to be 
strongerr than the trigger needed for lactoferrin release (15). However, predominant 
orr exclusive increases of elastase have also been observed in clinical situations 
(15,42).. Another parameter for the activation of neutrophilic granulocytes is the 
expressionn of FcyRI (CD64, high affinity Fc receptor for IgG). The percentage of 
neutrophilss expressing FcyRI increased after IFN-y administration, whereas no 
effectt was measured on the MFI of FcyRI on neutrophils. The latter finding is in 
contrastt to the study by Schiff et al (23), who administered IFN-y (50 ug/m2/day) 
too healthy subjects for two days, and noticed an increased MFI of FCyRI 
expressionn on neutrophils. We have no clear explanation for these different results, 
exceptt that Schiff injected less IFN-y. It remains to be established to what extent 
thee observed effects of IFN-y on neutrophils reflected direct or indirect interaction, 
viaa mediators like corticosteroids, for IFN-y induces a small, but significant, rise in 
plasmaa Cortisol levels (18,43,44). In addition, mediators such as IL-8 and IP-10, 
bothh affecting leukocyte functions, may also have contributed to the effects of IFN-
yy on neutrophils. An effect via IL-8, however, seems less likely since the course of 
plasmaa levels suggested that the IL-8 secretion occurred at a time that elastase 
alreadyy was elevated. A direct effect of IFN-y on neutrophil kinetics and activation 
iss another possibility, since IFN-y can affect neutrophil activation and adherence to 
endotheliall  cells in vitro (45,46). 
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Cytokiness are important mediators in the imbalance between coagulant and 

anticoagulantt mechanisms in sepsis and endotoxemia (5). In vivo studies in 

humanss and non-human primates revealed specific effects of individual cytokines 

onn coagulation and fibrinolysis activation (47-51). IFN-y induced a modest 

fibrinolyticfibrinolytic  activity, as measured by enhanced levels of t-PA. This increased PA 

activityy was not blunted by increased PAI-1 -activity, ultimately resulting in 

enhancedd plasmin generation, as evidenced by increased levels of PAP complexes. 

Inn addition to these pro-fibrinolytic effects, IFN-y also caused activation of 

coagulation,, as reflected by a modest increase in F1+2 levels and a (non-

significant)) increase in TAT-complexes. A previous study, in which a lower dose 

off  IFN-y was given on four consecutive days, reported a similar activation of 

fibrinolysiss but a simultaneous inhibition of plasminogen activation due to 

enhancedd levels of PAI-1 (22). The differential effects of IFN-y on PAI-1 levels 

mayy well be due to the differences in treatment regimens. Effects on fibrinolytic 

activityy may be mediated by a direct effect of IFN-y on endothelial cells. In vitro 

studiess report modulation of fibrinolysis by IFN-y on different cell lines, although 

resultss are contradictory (52,53). Effects of IFN-y on coagulation parameters, 

however,, are most likely to be mediated by IL-6, which explains the relative late 

elevationn of F1+2 levels (49). 

Inn conclusion, the present study demonstrates a number of pro-

inflammatoryy effects of IFN-y in healthy individuals. Synergism of IFN-y with 

otherr mediators of inflammation, like TNF-a, may increase these effects (11). 
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Abstract t 

Tissuee injury is associated with decreased cellular immunity and enhanced metabolism. The first, 

immunosuppression,, is thought to be counteracted by recombinant human (rh) interferon-gamma 

(IFN-y)) administration since IFN-y is a well known upregulator of human leukocyte antigen-DR 

(HLA-DR)) expression. The latter however, hypermetabolism, could be enhanced after rhIFN-y 

administrationn since inflammatory cytokines are thought to play an important role in the 

pathophysiologyy of the metabolic response to stress. In healthy humans rhIFN-y enhanced HLA-DR 

expressionn without important effects on glucose and fat metabolism. In the present study we 

evaluatedd whether rhlFN-y also lacks harmful side effects on the metabolic and endocrine pathways 

whilee maintaining its beneficial effects on the immune system under conditions in which the host 

inflammatoryy response system is activated. Therefore we studied in thirteen patients, scheduled for 

majorr surgery (pylorus-preserving pancreaticoduodenectomy) HLA-DR expression on peripheral 

bloodd monocytes prior to surgery and postoperatively randomized the patients into an intervention 

andd placebo group. Subsequently, we evaluated the effects of a single dose of rhIFN-y (Immukine, 

100ug/m2,, s.c.) vs. saline, on short-term monocyte activation, glucose and lipid metabolism and 

glucose-- and lipid regulatory hormones. The rate of appearance of glucose and glycerol was 

determinedd by infusion of d2-glucose and d5-glycerol respectively. HLA-DR expression on 

monocytess was restored 24 hours after IFN-y adminstration but stayed low in the placebo treated 

patients.. IFN-y decreased glucose production and increased lipolysis without effects on plasma 

glucosee levels and only a slight increase in plasma free fatty acids. There was no effect of IFN-y on 

plasmaa concentrations of Cortisol, adrenocorticotropic hormone, growth hormone, insulin, c-peptide, 

glucagonn and epinephrine, but an increase in plasma norepinephrine levels. We conclude that IFN-y 

exertss a favourable effect on cell-mediated immunity in patients after major surgery without clinically 

important,, endocrine and metabolic side effects. 
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Introductio n n 

TTissuee injury is associated with decreased expression of human leukocyte 
antigen-DRR (HLA-DR) on monocytes (1-6). Low levels of HLA-DR on 
monocytess are an ominous prognostic factor in the recovery of surgical 

patients,, since reduced HLA-DR expression (or a defective antigen presentation or 
cellularr immunity) is correlated with increased postoperative complications and 
mortalityy (7). Downregulation of HLA-DR expression on monocytes may partly be 
relatedd to a surgically directed shift of the T-helper 1 (Thl)/Th2 balance toward a 
dominatingg Th2 type immune response (8). Compared to preoperative production, 
postoperativelyy stimulated peripheral blood mononuclear cells (PBMC) produce 
significantlyy more Th2 cytokine interleukin (IL)-4 than its Thl counterpart 
interferon-gammaa (IFN-y) (8,9). 

Administrationn of IFN-y enhances the expression of HLA-DR on 
monocytess in vitro and in vZvo(lO). Several small to intermediate-sized clinical 
trialss have addressed the effect of IFN-y on HLA-DR expression and clinical 
recoveryy after sepsis (11) and severe injury (12-15). These studies suggest that 
administrationn of IFN-y to surgical patients could have positive effects on post-
operativee recovery and prevention of complications, although the data are not 
unambiguouss at present (16,17). 

Inn addition to the reduction in cellular immunity, another -potentially 
harmful-- side effect of surgical interventions is the metabolic response to stress 
(18,19).. This response, which is characterised by catabolic reactions like increases 
inn glucose production, lipolysis and protein turnover, is mediated by the interaction 
betweenn hormones, inflammatory mediators and the central nervous system 
(20,21).. Administration of inflammatory mediators like tumor necrosis factor 
(TNF)-ct,, IFN-oc, IL-2 or IL-6 to humans, mimics the catabolic changes observed 
afterr tissue injury, with specific effects for each individual cytokine (22-24). In a 
previouss study, we administered rhIFN-y (100|ig/m2, s.c.) to healthy subjects in a 
salinee controlled cross-over study with measurements of HLA-DR expression on 
monocytess and endocrine and metabolic parameters (25). IFN-y induced a 
profoundd increase in HLA-DR expression on monocytes, whereas, in contrast to 
otherr cytokines tested in a comparable setting, IFN-y exerted surprisingly small 
endocrinee and metabolic effect (25). 
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Consideringg these observations, IFN-y seems to be an ideal cytokine to 

improvee the cellular immune function in surgical patients without an additional 

negativee influence on an activated metabolic and endocrine system. However, our 

observationss in healthy subjects do not exclude a possible deviated endocrine 

and/orr metabolic reaction to EFN-y in surgical patients. For instance, IFN-y may act 

synergisticallyy with the many inflammatory response proteins that abundantly 

circulatee in post-operative patients (26-28). The question arises therefore, whether 

IFN-yy also lacks harmful side effects on the metabolic and endocrine pathways 

underr conditions in which the host inflammatory response system is activated, 

whilee maintaining its beneficial effects on the immune system. To our knowledge, 

noo studies have been published in which acute metabolic, endocrine and 

immunologicall  effects of IFN-y administration are studied simultaneously in a 

homogeneouss surgical patient population. 

Inn patients, scheduled for major surgery (pylorus-preserving pancreatico-

duodenectomy)) we evaluated HLA-DR expression on peripheral blood monocytes 

priorr to surgery. Postoperatively, patients were randomised into an intervention 

(IFN-y)) and placebo (control) group. Subsequently, we evaluated the effects of a 

singlee dose of recombinant human (rh)IFN-y (Immukine, 100|ig/m2, s.c.) vs. saline, 

onn short-term monocyte activation and metabolic and endocrine parameters. 

Subjectss and Methods 

Subjects Subjects 

Betweenn December 1998 and December 1999 twenty-four patients were included 
inn the study. All patients were scheduled for elective pylorus-preserving 
pancreaticoduodenectomyy (pppd) aimed at curative treatment of a suspicious tumor 
inn the pancreatic head, papilla of Vater, distal bile duct or duodenum. Exclusion 
criteriaa were: a) any other diseases than the currently treated disorder (including 
diabetess mellitus associated with the primary disease); b) jaundice at hospital 
admissionn (bilirubin levels >40 umol/L, preoperative biliary drainage was 
accepted);; c) fever in the two weeks prior to hospital admission; d) any medication 
att admission to the hospital (except for paracetamol, pancreatic enzyme 
supplementt or sleep medication); e) irresectability as a peroperative finding, and 
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thereforee deviation of the intended pppd procedure towards a bypass procedure; f) 
clinicall  instability or  evidence of infection on the day of the study (the second post-
operativee day). 
Al ll  patients gave written informed consent, in accordance with the Helsinki 
Declarationn of Human Rights. The study was approved by the Research Committee 
andd the Medical Ethical Committee of the Academic Medical Center, Amsterdam. 

StudyStudy design 
Onee day prior  to the surgical procedure, blood was sampled for  measurement of 
HLA-D RR expression on monocytes and routine biochemical and haematological 
measurementss (including bilirubin) . From 06.00 P.M. at the preoperative day til l 
05.000 P.M. at the second postoperative day, patients were only permitted to drink 
waterr  in accordance with the protocol for  this surgical procedure. 
Duringg surgical intervention, patients were anesthesized using isoflurane and 
sufentanyll  supplemented with drugs provided to the discretion of the 
anaesthesiologistt  Moreover, a high thoracic epidural catheter  was inserted through 
whichh marcaine was administered. On the first post-operative day, patients were 
transferredd from the recovery room to the general surgical ward. From 0.00 A.M. at 
thee first  postoperative day until 5.00 P.M at the second postoperative day, 
intravenouss infusion fluids were limited to saline. Oral food supply or  usage of the 
feedingg jejunostomy was only allowed from 06.00 P.M. the second postoperative 
dayy onwards according to the treatment protocol. Analgesics were prescribed 
accordingg the standard hospital protocol (paracetamol, morphine and epidural 
marcaine).. Additionally , all patients received Fraxiparin ® (Sanofi, Maassluis, The 
Netherlands)) and Sandostatin® (Novartis Pharma LtD. Bazel, Swiss). 
Att  the second post-operative day patients were randomized to the IFN-y or  control 
groupp by balanced assignment. At 6.45 h A.M., a catheter  was placed retrogradely 
intoo an antecubital vein for  sampling of arterialized venous blood, which was realised 
byy placement of the forearm in a therrnoregulated (65° C) Plexiglas box during 20 
minutess before blood was sampled. Another  catheter, situated already in the 
contralaterall  hand vein or  a central venous catheter  -if available- was used for  infusion 
off  stable isotope tracers. Both catheters were kept patent by infusion of NaCl 0.65% 
(300 ml/h). At 7.00 h A.M. blood was sampled for  determination of background 
isotopee enrichment. Subsequently, a primed (17.6 umol/kg), continuous (0.22 
umol/kg/min)) infusion of [6,6-2H2]glucose (CIL , Andover, MA, USA) and a primed 
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(1.55 umol/kg), continuous (0.1 umol/kg/min) infusion of [l,l,2,3,3-2H5]-glycerol 

(CIL,, Andover, MA, USA) were started and continued until the end of the first study 

dayy (t = 8 h). At t = -10, -5 min. and just before rhIFN-y or saline administration, 

bloodd samples for determination of isotope enrichment of [6,6-2H2]'glucose and 

[l,l,2,3,3-[l,l,2,3,3-22HJ$yceró[HJ$yceró[ were drawn. Blood samples for baseline values of plasma 

hormones,, substrates and cytokines and HLA-DR expression on monocytes were 

drawnn just before rhIFN-y or saline solution was administered. At 09.00 A.M. (t=0 h), 

rruTN-yy (100 ng/m2, Immukine, Boehringer Ingelheim GmbH, Ingelheim/Rhein, 

Germany)) or a comparable volume of saline solution was injected subcutanously in 

thee upper leg. At 1,2, 4, 6, and 8 h after injection of rhIFN-y or saline, blood was 

drawnn for the measurement of isotope enrichment, hormone, substrate and cytokine 

concentrations.. Twenty-four and 48 hours after the injection of rhIFN-y or saline 

bloodd was drawn for determination of plasma cytokine levels. Blood samples taken at 

88 and 24 hours after adrninistration of rhIFN-y were also analysed for HLA-DR 

expressionn on monocytes. Blood pressure (Riva Rocci method, brachial artery), pulse 

ratee (palpation of radial artery) and oral temperature (Terumo Dig. Clin. Thermometer 

Cl l ,, Terumo Corp., Tokyo, Japan) were recorded on the first study day at the 

bloodsamplingg timepoints. Body composition was measured at the seventh post 

operativee day by Bio Impedance Analysis (BIA 109 Bio Impedance Analyzer, Akern, 

Florence,, Italy). 

Assays Assays 

Al ll  measurements of each individual subject were performed in the same run and 
testedd in duplicate, with the exception of flow cytometric analysis, which was 
performedd immediately after blood sampling. 

Plasmaa glucose concentrations and enrichment were determined according to 
Reinhauerr et al.(29), using xylose as internal standard. The gas chromatography 
columnn used was a J&W DB-17 capillary column (30 x 0.25 mm, df 0.25 urn) (J&W, 
Folsom,, CA) on an HP 6890 Series gas chromatograph coupled to an HP 5973 mass 
selectivee detector (Hewlett Packard, Palo Alto, CA). Mass spectra were recorded at 
m/zz 187 for glucose and m/z 189 for 6,6-2H2-glucose. The internal standard was 
monitoredd at m/z 145. Plasma glycerol concentrations and enrichment were 
determinedd as described previously(30). 
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Freee fatty acid (FFA) concentrations in plasma were determined using the NEFA C kit 
(codee No 994-75409 E) from Wako Chemicals GmbH (Neuss, Germany). Plasma 
insulinn concentration was measured by RIA (Insulin RIA 100, Pharmacia Diagnostic 
AB,, Uppsala, Sweden; intra-assay coefficient of variation (CV) 3-5%, inter-assay CV 
6-9%),, C-peptide by RIA (RIA-coat c-peptide, Byk-Sangtec Diagnostics GmbH & 
Co.. KG, Dietzenbach, Germany; intra-assay CV 4-6%, inter-assay CV 6-8%). 
Glucagonn was determined by RIA (Linco Research, St Charles, MO; detection limit 
155 ng/L, intra-assay CV 3-5%, inter-assay CV 9-13%), IGF-1 by IRMA after a 
modifiedd acid-ethanol extraction procedure (DSL, Inc. Webster, Texas; detection limit 
55 nmol/L, intra-assay CV 2-4%, inter-assay CV 3-8%). Cortisol was measured using a 
luminescencee enzyme immunoassay, Immulite (Cortisol, Diagnostic Products 
Corporation,, LA, intra-assay CV 5.8%, inter-assay CV 7,0%), adrenocorticotropic 
hormonee (ACTH) by ILMA (Immuno Lumino Metric Assay)(Nichols Institute, Los 
Angeles,, CA; intra- and inter-assay CV 4.3 and 5.4 %, resp.), growth hormone (GH) 
byy ILMA (Nichols Institute, Los Angeles, CA; detection limit 1 mU/L, intra- and 
inter-assayy CV 7.3% and 9.6%, resp). Catecholamines were measured by in-house 
HPLCC method. Norepinephrine (inter- and intra-assay CV 13 and 6 %, resp.) and 
epinephrinee (inter- and intra-assay CV 14 and 7 %, resp.) were selectively isolated by 
liquid-liquidd extraction and derivatized to fluorescent components with 1,2-
diphenylethylenediamine.. The fluorescent derivatives were separated by reversed 
phasee liquid chromatography and detected by fluorescence detection (31,32) 

IFN-yy was measured using an in-house sandwich ELISA with a detection 
limi tt of 31 pg/ml with monoclonal antibody (mAb) MD2 as capture and 
biotinylatedd MD1 as detecting mAb, with a detection limit of 31 pg/ml, IL-6, and 
TNF-ccc were determined by ELISA (CLB, Amsterdam, The Netherlands), both 
withh a detection limit 2 pg/ml. IL-10 was also measured by ELISA (Schering-
Ploughh Research Institute, Kenilworth, NJ), with a detection limit of 20 pg/ml. 
Monocytee HLA-DR expression was measured using flow cytometry as described 
previously(25).. Cells were incubated with anti-HLA-DR monoclonal antibodies 
(mAbs)) directly labelled with fluorescein isothiocyanate (FITC, Becton Dickinson 
(BD),, San Jose, CA). Irrelevant mouse mAbs directly labelled with FITC (BD) 
weree used as control for background staining. Data acquisition was performed on a 
FACScann flow cytometer (BD). Monocytes were gated by forward and side scatter 
parameters. . 
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CalculationsCalculations and statistics 

Al ll  data are presented as the mean  SEM. The endogenous glucose and glycerol 
productionn (Ra) and glucose- and glycerol disposal (R<i) were calculated using 
Steele'ss equation for non-steady state conditions adapted for stable isotopes: 

II  PVG(t)[dPCTp(t)/dt] 
Ra(t)) = 

PCTp(t)) PCTJt) 

II  PVG(t)[dPCTp(t)/dt] dG(t) 
RdW== - pV 
MM PCT_(t) PCT.(t) F dt 

wheree I is the constant tracer infusion rate (mg-kg^min1), PCTp(t) is the percent 
enrichmentt in plasma glucose or glycerol taken as the average of two consecutive 
samples,, p is the pool fraction, V is the distribution volume of glucose (165 ml/kg) 
orr glycerol (235 ml/kg), G(t) is the plasma glucose or glycerol concentration taken 
ass the average of two consecutive samples, dPCTp(t)/dt is the rate of change of 
percentt enrichment in plasma (min1). Ra glycerol levels were corrected for total 
bodyy fat mass as measured by Bio Impedance Analysis. 

Dataa were analysed by analysis of variance for randomised block design and, to test 
dataa between the two study arms at individual time points, a paired t-test for two 
unrelatedd samples or a Mann-Whitney test was used. A p-value of < 0.05 was 
consideredd to represent statistical significance. Preoperative data represent patients 
thatt finished the total protocol. 

Results s 

PatientPatient characteristics 
Initially ,, twenty-four patients were included in the study. Postoperatively, ten 
patientss were excluded from the study, because the rumor was irresectable with 
concomitantt deviation of the pppd procedure. One other patient was excluded on 
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TABLEE 1. Patient Characteristics 

sexx age 8MI anaesthesia time hospital stay 

(male/female)) (years) (kg/m2) (minutes) (days)t 
IFN-gamma IFN-gamma 

m m 
f f 
m m 
f f 
m m 
f f 
m m 

69 9 
77 7 
77 7 
63 3 
53 3 
61 1 
54 4 
65 5 
4 4 

23 3 
27 7 
26 6 
26 6 
28 8 
20 0 
20 0 
24 4 
1 1 

placebo placebo 
m m 
m m 
f f 
m m 
f f 
m m 

49 9 
64 4 
53 3 
69 9 
70 0 
57 7 

60 0 
3 3 

30 0 
27 7 
20 0 
26 6 
27 7 
20 0 

25 5 
1 1 

Dataa are expressed as individual measures and mean  SE 
Noo significant differences were detected between the groups 
t ;; counted from the first postoperative day 

thee second post-operative day before IFN-y/saline was administered, because of 
cardiacc and respiratory instability. Thirteen other patients continued the study on 
thee second postoperative day and were randomly assigned to the placebo or 
interventionn group. Seven patients received 100 ug/m2 rhlFN-y subcutaneously, 
whereass six other patients received a similar volume of isotonic saline. Clinical 
characteristicss of these patients are given in table 1. 

ClinicalClinical effects ofIFN-y 

Inn both study arms the incidence of clinical symptoms as chills, nausea and 
headachee was comparable. There were no differences between the two study arms 

485 5 
280 0 
375 5 
315 5 
315 5 
210 0 
360 0 
334 4 

30 0 

345 5 
280 0 
210 0 
350 0 
285 5 
240 0 

285 5 
21 1 

26 6 
34 4 
10 0 
24 4 
10 0 
8 8 
8 8 
17 7 
4 4 

11 1 
20 0 
18 8 
15 5 
14 4 
15 5 

16 6 
1 1 
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inn baseline body temperature and there were no effects in time in the control arm of 

thee study. IFN-y caused an increase in body temperature compared to controls with 

aa maximum level after 8 hours (baseline: IFN-y 2 °C, controls 2 °C; 

t=8h:: IFN-y 2 °C, controls 37.4 °C, p<0.001). During hospital admission in 

eachh group one patient suffered from an infectious complication, but recovered 

afterr treatment with antibiotics. 

PlasmaPlasma cytokine levels 

Preoperativee and baseline IFN-y levels fluctuated around the lower limit of 

detectionn of our assay (31 pg/ml). During the control study, no changes from 

baselinee levels were detected. After injection of IFN-y, IFN-y serum levels 

graduallyy increased to a peak level of 2 pg/ml (p<0.007 vs. controls). 

Twenty-fourr hours after IFN-y administration, IFN-y levels were back to baseline. 

Preoperativee and postoperative levels of TNF-oc and IL-10 were below the 

detectionn limit of the assays (2 pg/ml). There were no effects in time on TNF-oc and 

IL-100 levels during the control and intervention study. Preoperative IL-6 levels 

weree around the lower limit of detection of the assay (2 pg/ml). Postoperatively, 

IL-66 levels were high in several subjects, predominantly in the control group 

(mediann and 25-75 percentiles at baseline; 59(50-132) pg/ml for IFN-y vs. 85(43-

cc 100-

|| e 75-

Is s 
©© O 5 1 P I M T B Figure  1 Numbe r of HLA-DR 
«y,, c j f8B p ~ B r ' - B 'S i positiv e monocytes , preoperativ e 
QQ 2 I I I \9 (Pre0)> postoperativ e (postO ) and 8 
j .. 6 25-^  s i "È  | L*H and 24 hour s after the administratio n 

"" mimi  Mi "  ™ of 100 jjg/m 2 rhlFN ^ (close d bars , 
n=7)) or salin e (open bars , n=6). Data 
aree expresse d as mean  SE. H 
p<0.05,, *p=0.004 vs . correspondin g 
valu ee in contro l patients . 

preOO postO 8.0 24.0 

Time e 
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240)) pg/ml for controls, not significantly different (NS) between groups), and 
decreasedd slightly during the intervention study (p<0.05), whereas no effect in time 
wass measured during the control study and no differences were detected between 
thee two study arms. 

MarkersMarkers of monocyte activation (fig. 1). 

HLA-DR:HLA-DR: Preoperatively, mean HLA-DR expression on peripheral blood 
monocytess was . On the second postoperative day, just prior to injection of 
IFN-y,, monocyte HLA-DR expression was approximately halved, to 3 and 

55 % for the intervention and control study respectively (intervention and 
controll  group preoperative vs. postoperative t=0 p<0.0001; NS between groups). In 
thee control group, the decline in HLA-DR expression continued during the next 24 
hours,, to a mean level of expression of 0 %. In contrast, in the intervention 
group,, IFN-y restored the HLA-DR expression, which already started at t=8h after 
injectionn (p<0.05 vs. controls) and was completed after 24 hours 1 %, p=0.004 
vs.. controls). 

TABLEE 2. Plasma hormone concentrations at baseline and after the administration ofrhIFN- Y 
(n=7)(n=7) or saline (controls, n=6) to postoperative patients 

ACTHH Cortisol epinephrine norepinephrine insulin glucagon 

ng/11 nmol/1 nmol/1 nmol/1 pmol/1 nmol/1 
IFN-gamma IFN-gamma 

timee 0 14  4 
(h)) 1 50 3 

22 31 4 
44 19 7 
66 26 8 
88 14 4 

placebo placebo 

timee 0 16  7 
(h)) 1 29 2 

22 20  10 
44 2 
66 29  19 
88 3 

Dataa are expressed as mean  SE 

Iff  = p<0.02 vs controls 

115 5 

4966  65 
6655  78 
7077  91 
5544  57 

4 4 
5777  46 

6477  152 
7100 5 
8577  226 
6577 1 
6288 7 
5800  76 

0.400  0.09 
0.388 1 
0.433 3 
0.366 3 
0.377 1 
0.388 6 

0.199 8 
0.155 6 
0.133 6 
0.166 8 
0.188 8 
0.188 9 

2.66 8 
3.77 9 
3.99 7 
5.33 7 
4.99 1 

3.33 6 

1.77 3 
2.00 3 
2.33 5 
2.00 5 
2.11 5 
2.11 4 

422 1 
355 9 
366 9 
388 8 
377 8 
400 0 

311  3 
299  3 
311  4 
300  4 
300  8 
366  7 

799 3 
755 9 
744 1 
799 1 
833 9 
822 9 

655  8 
777  9 
711  6 
64  5 
633  4 
699  5 
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HormonesHormones (table 2.) 
Theree were no differences between the two groups in baseline hormone levels. In 

thee IFN-y and control group, there were no changes from baseline levels during the 

study.. IFN-y did not have an effect on plasma hormones as compared to controls, 

exceptt for an increase in norepinephrine levels at t=6 hours (p<0.02 vs. controls). 

7.5 5 
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| | | 
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FigureFigure  2 Effect s of IFN-y on glucos e 
metabolism ::  Plasm a glucos e concentratio n and 
ratee of appearanc e (Ra) and of disappearanc e 
(Rd)) of glucos e after 100 ug/m 2 rhlFN- y (close d 
circles ,, n=7) or salin e (open circles , n=6) 
administratio nn to postoperativ e patients . Data 
aree expresse d as mean  SE. 

Raa glycerol significantly as compared to 

controls). . 

SubstratesSubstrates of energy metabolism and 

glucoseglucose and glycerol kinetics (fig. 2, 3 

andand table 3.) 

Glucose:Glucose: Baseline values did not 

differr between the two studies. There 

wass no effect of IFN-y or time on 

plasmaa glucose levels during the 

study.. IFN-y induced a significant 

greaterr decline of -30% in Ra of 

glucosee as compared to controls in 

thee first hour after administration 

(decreasee in the first hour, IFN-y vs. 

control:: 4 vs. 3 

Hg/kg/min,, p<0.05). Subsequently, in 

bothh groups the decline in Ra glucose 

wass parallel (NS between groups). 

Theree was no effect of IFN-y or 

placeboo on glucose disposal. 

Fat:Fat: Baseline values of plasma 

FFA,, plasma glycerol and Ra glycerol 

didd not differ between the two studies 

(Tablee 3). There was no effect of 

IFN-yy on plasma glycerol levels. 

IFN-yy induced a significant increase 

inn plasma FFA levels (p<0.05 vs. 

controls).. In parallel, IFN-y increased 

controlss (p<0.05 respectively 0.02 vs. 
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FigureFigure  3 Effect s of IFN^y on fat 
meta-bolism ::  Plasm a FFA concentratio n 
andd rate of appearanc e (Ra) of glycero l 
afterr  100 ug/m 2 rhlFN- y (close d circles , 
n=7)) or salin e (open circles , n=6) 
administratio nn to postoperativ e patients . 
Dataa are expresse d as mean  SE. 
*p<0.055 vs . correspondin g value  in 
contro ll  patients . Baseline  values  are 
presentedpresented  in  table  3. 

TABL EE 3. Baseline values of plasma FFA and 

glycerolglycerol and Ra glycerol after administration of 

rhIFN-rhIFN- 7 or saline to postoperative patients 

FFAA Glycerol R„  glycerol 

mmol/LL ^ o l / L umol/kgfa,/min. 

IFN-gammaIFN-gamma 0.58  0.06 82  12 1.00 6 

placeboplacebo 0.74  0.08 99 * 6 1.14 6 

Dataa are expressed as mean  SE 
Noo significant differences were detected between the groups 

Discussion n 

Inn the present study, we evaluated in postoperative patients, the short term effects 

off  IFN-y on immunological, endocrine and metabolic parameters. The surgical 

interventionn induced a reduction of monocyte HLA-DR expression, that was 

completelyy restored by IFN-y. IFN-y induced an initial decrease in endogenous 

glucosee production as compared to controls without effect on plasma glucose levels 

andd glucoregulatory hormones concentrations, except for a small increase in 

plasmaa norepinephrine levels. Moreover, IFN-y induced a modest increase in 

lipolysis,, reflected in increases in plasma FFA levels and Ra glycerol. Thus, in 

contrastt to the results obtained in our healthy volunteers, in surgical patients IFN-y 

hadd specific although modest metabolic effects (25). Finally, a single dose of IFN-y 

(1000 ug/m2) did not induce significant clinical side effects in these postoperative 

patients s 

Thee present study is the first study in which preoperative and postoperative 

levelss and the effects of IFN-y administration on HLA-DR expression on 

monocytess were measured in one combined study. Enhanced levels of HLA-DR 
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expressionn on monocytes after IFN-y injection compared to controls have been 

describedd previously in postoperative patients with colon cancer, severely injured 

patientss and in septic patients (11,33,34). In contrast to the present study, in none 

off  these studies measurements were performed prior to (elective) trauma or the 

disease.. In the patients with colon cancer, IFN-y treatment (200 ug/d) was started 

threee to four weeks after curative elective surgery and HLA-DR expression was 

measuredd after one month of treatment (33). In these patients HLA-DR expression 

increasedd from ~88% at baseline to ~97% after 1 month of treatment, whereas 

postoperativee HLA-DR expression stayed low in the control group during the total 

follow-upp period of 12 weeks. In trauma patients, receiving 100 ug/d, HLA-DR 

levelss on monocytes prior to treatment with IFN-y were 57% and increased to 76% 

afterr two days of treatment with IFN-y (34). In septic patients, HLA-DR expression 

onn monocytes prior to treatment was 27% and IFN-y (100ug/d) increased HLA-DR 

expressionn to 62% within 24 h (11). Our patients presented with HLA-DR 

expressionn levels after surgery that were intermediately reduced (50% 2nd day 

postoperative),, but reached higher levels of expression 24 hours post IFN-y (93%). 

Inn all these studies including our own, IFN-y clearly increased HLA-DR 

expression,, reflecting a significant recovery of monocyte function. This effect of 

exogenouss IFN-y on monocytes in postoperative patients was obtained despite 

significantlyy lower peak levels in plasma of IFN-y compared to our healthy 

subjectss (25). Since the dose of IFN-y was equal in both studies, it must be 

concludedd that the clearance of IFN-y is increased after surgery, a finding that has 

alsoo been described for other mediators like insulin(35). 

Cytokiness are thought to play an important role in the metabolic response 

too injury (18). Administration of cytokines like TNF-a, IL-6 and IFN-a in humans 

inducess an hypermetabolic state, which is reflected by cytokine-specific elevations 

inn resting energy expenditure and increases in glucose and glycerol turnover (22-

24).. IFN-y, commonly marked as an important pro-inflammatory cytokine, was 

imputedd a comparable effect on hormones and metabolism (36). In healthy 

humans,, however, IFN-y only induced a limited increase in REE and did not affect 

glucosee metabolism (25). Surprisingly, in the present study in postoperative 

patients,, IFN-y induced an early depression of the endogenous glucose production 

comparedd to controls. Until now, IFN-y is the only cytokine known with such a 

depressantt effect on glucose production in humans in vivo. This phenomenon was 
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nott a result of alterations in glucoregulatory hormones. The small increase in 

norepinephrinee levels as measured after IFN-y, would have induced an increase in 

glucosee production (37). The influence of IFN-y on the Ra glucose reflects 

thereforee most likely a direct effect of IFN-y on hepatic glucose production, 

potentiallyy mediated by NO. Hepatic glucose production is regulated by the 

interplayy of several mechanisms, amongst which glucoregulatory hormones, 

substratee concentrations and paracrine mediators produced by Kupffer cells. In the 

liver,, there is intensive interaction between Kupffer cells and hepatocytes. In vitro 

dataa show that products of Kupffer cells, like prostaglandins and nitric oxide (NO) 

influencee hepatic glucose production (38). In humans, stimulation of prostaglandin 

synthesiss has inhibitory effects on human hepatic glucose production in the 

absencee of changes in plasma insulin and glucagon levels (39), whereas, 

conversely,, inhibition of prostaglandin synthesis by indomethacin increases basal 

glucosee production (40). A role for NO as a paracrine factor, that could mediate the 

effectt of IFN-y on glucose production, is derived from in vitro studies in which NO 

inhibitss glucose production in vitro (41,42). IFN-y induced production of NO by 

Kupfferr cells in vitro is unambiguously described, whereas data on prostaglandin 

releasee by monocytes and Kupffer cells are less unequivocal (43-45). Measurement 

off  NO concentrations in blood meets technical difficulties since NO is a very 

unstablee molecule. Nitrate, a stable degradation product of NO, however, can be 

measuredd in plasma. In the present study, we could not find an effect of IFN-y on 

serumm nitrate levels (data not shown). This observation does not exclude locally 

increasess in NO levels, which are not necessarily reflected by changes in plasma 

concentrations.. IFN-y is a potent activator of Kupffer cells, which are, like blood 

monocytes,, derived from the myeloid lineage. The acute effect (first study hour) of 

IFN-yy may be explained from the anatomy: Kupffer cells reside on the luminal side 

onn top of the endothelial cells in the liver sinusoid and wil l therefore be exposed to 

relativelyy high concentrations of circulating IFN-y. 

Inn the present study, an increase in lipolysis was paralleled by increased 

levelss of norepinephrine, a major stimulator of lipolysis. A direct effect of IFN-y on 

lipolysiss is also a possibility, since IFN-y can increase lipolysis in cultured 

adipocytes,, although relatively high dosages are necessary (46). Our observation in 

surgicall  patients is in contrast to our data obtained in healthy volunteers, in which 
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IFN-yy did not affect FFA plasma levels (25) or Ra glycerol (de Metz, unpublished 

data). . 

Previouss human studies reported the effects of IFN-y on HPA-axis 

activation.. Increased Cortisol release was unanimously found in these studies, 

whereass data on modulation of ACTH release are contradictory (25,47-49). The 

studiess in which no ACTH increase was measured preceding a Cortisol peak 

suggestt the possibility of an ACTH-independent effect of IFN-y on the adrenal 

glandss (47,48). In the present study no effects of IFN-y on ACTH or Cortisol levels 

couldd be detected. High baseline Cortisol levels may explain the lack of IFN-y-

effectt on Cortisol levels in postoperative patients. The absence of an effect on 

ACTHH in the present study may be due to the absence of an effect of IFN-y on the 

mediatorr which could account for ACTH release in the previous studies: plasma 

IL-6,, a known stimulator of ACTH release (24). 

Itt can not be deduced from our study to what extent IFN-y administration 

wil ll  result in improvement in clinical outcome. In three randomised trials IFN-y 

administrationn to severely injured (trauma/burn) or sepsis patients did not result in 

definitivee improvement in clinical relevant endpoints. Nevertheless, there is reason 

too believe that high risk patients might benefit from adjuvant IFN-y therapy (12-

14,17). . 

Wee conclude that IFN-y exerts a favourable effect on cell-mediated 

immunityy in patients after major surgery. Moreover, IFN-y does not have 

considerablee clinical, endocrine or metabolic side effects, although attention has to 

bee paid to its moderate inhibitory effect on glucose production, especially in 

patientss with septic shock, since hypoglycaemia is sometimes found in this 

syndromee (50). 
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Abstract t 

Cytokiness are thought to be involved in the pathogenesis the euthyroid sick syndrome. Experimental 

dataa from in vitro and animal in vivo studies suggest that IFN-y could be another cytokine that might 

influencee thyroid hormone metabolism, although in a previous study in healthy subjects we could not 

demonstratee an effect of IFN-y on thyroid hormone indices. Possibly, however, a non-stressed system 

doess not compromise a representative environment to study the effects of a mediator, which might 

exertt its role during pathological circumstances in which it might interact synergistically with other 

inflammatoryy mediators. Therefore, we studied in a placebo-controlled trial in thirteen major surgery 

patientss the effects of a single dose of rhIFN-y (Immukine, 100|Lig/m2, s.c.) on thyroid hormone 

concentrations.. Basal IFN-y levels were not increased. IFN-y induced an significant increase in 

monocytee HLA-DR expression (postoperative 50%; 24 hours after IFN-y 90%), but did not affect 

thyroidd hormone and TSH concentrations. We therefore conclude, that IFN-y does not appear to be 

involvedd in the major changes in thyroid hormone metabolism in patients with nonthyroidal illness. 
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Introductio n n 

TThee euthyroid sick syndrome, characterised by alterations in thyroid 
hormonee metabolism induced by nonendocrine disease in otherwise 
euthyroidd patients, is a clinically well defined phenomenon. These 

alterationss in thyroid hormone metabolism consist of a decrease in the plasma 
concentrationn of tri-iodothyronine (T3), an increase in reverse T3 (rT3) and 
changess in plasma thyroxine (T4), the latter being the lowest in patients with the 
poorestt prognosis (1,2). Thyroid stimulating hormone (TSH) levels may vary from 
normall  to decreased or slightly elevated (3). 

Cytokiness are believed to play an important role in the pathophysiology of 
thee euthyroid sick syndrome (4,5). Cytokines modulate various thyroid functions in 
culturedd human and animal thyrocytes (6,7). In vivo, it has been observed that the 
decreasee in serum T3 induced by LPS is smaller in IL-6 knockout mice than in 
wildd type mice (8). Finally, human studies provide evidence for a role of cytokines 
inn the euthyroid sick syndrome. In patients suffering from the euthyroid sick 
syndrome,, enhanced plasma cytokines profiles are displayed, which correlate 
positivelyy with the severity of the euthyroid sick syndrome (9), whereas 
administrationn of cytokines to humans induces alterations in thyroid hormone 
metabolismm that mimiek the euthyroid sick syndrome (10-12). These observations 
supportt the notion that cytokines are involved in the pathogenesis of the human 
euthyroidd sick syndrome. 

Inn vitro studies and in vivo studies in animals indicate that interferon-
gammaa (IFN-y) is another cytokine that modulates thyroid hormone metabolism 
andd suggest, that IFN-y may also be involved in the pathophysiology of the 
euthyroidd sick syndrome. In human thyroid cells in vitro IFN-y influences several 
aspectss of thyroid hormone metabolism, amongst which the induction of decrease 
T33 release and TSH-R mRNA expression (7,13). In mice in vivo, IFN-y mimics 
severall  aspects of the euthyroid sick syndrome (14). In contrast to these 
observations,, we could not demonstrate any short-term effect of IFN-y on thyroid 
hormonee metabolism in healthy humans (15). This observation argued against a 
rolee of IFN-y in the pathogenesis of the euthyroid sick syndrome in humans. It can 
bee questioned however, whether a non-stressed system is a representative 
environmentt to study the effects of a mediator, which might exert its role during 
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pathologicall  circumstances. In several biological systems, amongst which the 
hypothalamic-pituitary-thyroidal-axis,, synergistic interaction between different 
componentss of the inflammatory and endocrine systems are known to play a 
modulatoryy role (7,16). Moreover, at present IFN-y is administered to severely 
injuredd and septic patients in clinical trials to study its possible role as 
immunologicall  adjuvant therapy. It is not known whether IFN-y deteriorates the 
existingg euthyroid sick syndrome in these patients. For this reason, we repeated our 
studyy in patients with an inflammatory reaction, associated with a euthyroid sick 
syndrome.. To obtain an homogenous patient population, with a comparable 
severityy of disease and, thus, with similar alterations of thyroid hormone 
concentrations,, we studied the short-term effects of IFN-y administration in a 
randomizedd trial on thyroid hormone metabolism in elective, post-operative 
patients.. Seven patients that underwent a pylorus-preserving pancreatico-
duodenectomyy received 100 fig/m2 recombinant human (rh)IFN-Y s.c. on the 
secondd post operative day, whereas six other patients, matched for age and BMI, 
receivedd a comparable amount of saline solution (placebo). Subsequently, human 
leukocytee antigen-DR (HLA-DR) expression on monocytes, and plasma cytokine 
andd thyroid hormone concentrations were monitored during a 24 hour period. 

Subjectss and Methods 

Subjects Subjects 
Betweenn December 1998 and December 1999 twenty-four patients were included 
inn the study. All patients were scheduled for elective pylorus-preserving 
pancreaticoduodenectomyy (pppd) aimed at curative treatment of a suspicious tumor 
inn the pancreatic head, papilla of Vater, distal bile duct or duodenum. Exclusion 
criteriaa were: a) any other diseases (including diabetes mellitus associated with the 
primaryy disease) than the currently treated disorder; b) jaundice at hospital 
admissionn (bilirubin levels >40 umol/L, preoperative biliary drainage was 
accepted);; c) fever in the two weeks prior to hospital admission; d) any medication 
att admission to the hospital (except for paracetamol, pancreatic enzyme 
supplementt or sleep medication); e) irresectability as a peroperative finding, and 
thereforee deviation of the intended pppd procedure towards a bypass procedure; f) 
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clinicall  instability or evidence of infection on the day of the study (the second post-
operativee day). 
Al ll  patients gave written informed consent, in accordance with the Helsinki 
Declarationn of Human Rights. The study was approved by the Research Committee 
andd the Medical Ethical Committee of the Academic Medical Center, Amsterdam. 

StudyStudy design 

Duringg surgical intervention, patients were anesthesized using isoflurane and 
sufentanyll  supplemented with drugs provided to the discretion of the 
anaesthesiologist.. Moreover, a high thoracic epidural catheter was inserted through 
whichwhich marcaine was administered. On the first post-operative day, patients were 
transferredd from the recovery room to the general surgical ward. From 0.00 A.M. at 
thee first postoperative day until 5.00 P.M at the second postoperative day, 
intravenouss infusion fluids were limited to saline. Oral food supply was only 
allowedd from 06.00 P.M. the second postoperative day onwards according to the 
treatmentt protocol. Analgesics were prescribed according the standard hospital 
protocoll  (paracetamol, morphine and epidural marcaine). Additionally, all patients 
receivedd Fraxiparin® (Sanofi, Maassluis, The Netherlands) and Sandostatin® 
(Novartiss Pharma LtD. Bazel, Swiss). 

Studyy procedure: Post-operatively, patients were randomly assigned to the placebo 
orr intervention group. At the second post-operative day, a catheter was placed into an 
antecubitall  vein for sampling of blood. The catheter was kept patent by infusion of 
NaCll  0.65% (30 ml/h). At 9.00 A.M., blood samples for baseline values of plasma 
hormoness and cytokines were drawn. Immediately thereafter (t = 0 h), rhIFN-y (100 
ug/m2,, Immukine, Boehringer Ingelheim GmbH, Ingelheim/Rhein, Germany) or a 
comparablee volume of saline solution was injected subcutanously in the upper leg. At 
1,, 2,4, 6, 8 and 24 hours after injection of rhIFN-y or saline, blood was drawn for the 
measurementt of hormone and cytokine concentrations. Clinical parameters were 
measuredd along with blood sampling. 

Assays Assays 

Bloodd drawn for determination of plasma parameters was centrifuged at 4 °C and 
15500 g for 10 minutes. Supernatants were immediately stored at -80 °C. 
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Al ll  samples were thawed only once. Measurements in plasma were performed in 
duplicatee and samples of each individual subject were analysed in the same run. 
Interleukin-66 (IL-6), tumor necrosis factor-a (TNF-a) and IFN-y were determined by 
ELISAA (CLB, Amsterdam, The Netherlands), with a lower limit of detection of 2 
pg/mll  (IL-6, TNF-a) respectively 3 lpg/ml (IFN-y). 

Forr thyroid hormones and TSH the following assays were used: T4 (reference 
valuee 70-150 nmol/L, detection limit 5 nmol/L, intra-assay CV 2-4%, interassay 
CVV 3-6%), T3 (reference value 1.3-2.9 nmol/L, detection limit 0.3 nmol/L, intra-
assayassay CV 3^1%, interassay CV 7-8%) and rT3 (reference value 0.11-0.44 nmol/L, 
detectionn limit 0.03 nmol/L, intra-assay CV 4-5%, interassay CV 5-9%) were 
measuredd by in-house RIA methods (17); free T4 (FT4) and TSH were measured 
byy time-resolved fluoroimmunoassay (Delfïa FT4 respectively Delfla hTSH Ultra, 
Wallacc Cy, Turku, Finland: reference value 10-23 pmol/L respectively 0.4-4.0 
mU/L,, detection limit 2 pmol/L respectively 0.01 mU/L, intra-assay CV 4-6 and 1-
2%% respectively, interassay CV 5-8 and 3-4% respectively); T3-uptake by a 
commerciall  kit (T3-uptake {MAA }  kit, Kodak Clinical Diagnostics, Amersham, 
England:: reference value 0.84-1.11, detection limit 0.50, intra-assay variation 3-
5%,, interassay variation 3-5%). 
Monocytee HLA-DR expression was measured using flow cytometry as described 
previouslyy (18). Cells were incubated with anti-HLA-DR monoclonal antibodies 
(mAbs)) directly labelled with fluorescein isothiocyanate (FITC, Becton Dickinson 
(BD),, San Jose, CA). Irrelevant mouse mAbs directly labelled with FITC (BD) 
weree used as control for background staining. Data acquisition was performed on a 
FACScann flow cytometer (BD). Monocytes were gated by forward and side scatter 
parameters. . 

CalculationsCalculations and statistics 
Dataa were analysed by analysis of variance for randomised block design and, to test 
dataa between the two study arms at individual time points, a paired t-test for two 
unrelatedd samples or a Mann-Whitney test was used. A p-value of < 0.05 was 
consideredd to represent statistical significance. Data are expressed as 

ee data represent patients that finished the total protocol. 
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Results s 

PatientPatient characteristics 

Initially ,, twenty-four patients were included in the study. Postoperatively, ten 
patientss were excluded from the study, because the tumor was irresectable with 
concomitantt deviation of the pppd procedure. One other patient was excluded on 
thee second post-operative day before IFN-y or saline was administered, because of 
cardiacc and respiratory instability. Thirteen other patients continued the study on 
thee second postoperative day and were randomly assigned to the placebo or 
interventionn group. Seven patients received 100 ug/m2 rhlFN-y subcutaneously, 
whereass six other patients received a similar volume of isotonic saline. Clinical 
characteristicss of these patients are given in table 1. 

Tablee 1. Patient characteristics 

IFN-gamma IFN-gamma 

placebo placebo 

Sex x 

(male/female) ) 

4/3 3 

4/2 2 

age e 

(years) ) 

4 4 

3 3 

durationduration of anaesthesia 

(minutes) ) 

0 0 

1 1 

Dataa are represented as ratio (sex) or mean  SE. 
Theree are no significant differences between the two groups 

ClinicalClinical effects ofIFN-y 

Inn both study arms the incidence of clinical symptoms as chills, nausea and 

headachee was comparable. There were no differences between the two study arms 

inn baseline clinical indices and there were no effects in time in the control arm of 

thee study. IFN-y caused an increase in body temperature compared to controls with 

aa maximum level after 8 hours (baseline: IFN-y 2 °C, controls 2 °C; 

t=8h:: 2 °C, controls 37.4 °C, p<0.001). 

PlasmaPlasma cytokine levels 

Baselinee IFN-y levels fluctuated around the lower limit of detection of our assay 

(31(31 pg/ml). During the control study, no changes from baseline levels were 

detected.. After injection of IFN-y, IFN-y serum levels gradually increased to a peak 

levell  of 2 pg/ml (p<0.007 vs. controls). Twenty-four hours after IFN-y 
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administration,, IFN-y levels were back to baseline. Postoperative levels of TNF-oc 

weree below the detectiokn limit of the assays (2 pg/ml). There was no effects in 

timee on TNF-oc levels during the control and intervention study. Postoperatively, 

IL-66 levels were high in several subjects, predominantly in the control group 

(mediann and 25-75 percentiles at baseline; 59(50-132) pg/ml for IFN-y vs. 85(43-

240)) pg/ml for controls, not significantly different (ns) between groups), and 

decreasedd slightly during the intervention study (p<0.05), whereas no effect in time 

wass measured during the control study and no differences were detected between 

thee two study arms. 
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FigureFigure  1 Effect s of IFN-y 
administratio nn on monocyt e HLA-DR 
expression : : 
Numbe rr  of HLA-DR positiv e mono -
cytes ,, postoperativel y jus t prio r to IFN-
yy (postO ) and 24 hour s after the 
administratio nn of 100 ug/m 2 rhlFN- y 
(close dd bars , n=7) or salin e (open bars , 
n=6).. Data are expresse d as mean
SE.,, *p=0.004 vs . correspondin g value 
inn contro l patients . 

postOO 24.0 

Time e 

MonocyteMonocyte activation (fig. 1). 

HLA-DR:HLA-DR: On the second postoperative day, just prior to injection of IFN-y, the 

numberr of monocytes expressing HLA-DR was 3 and 5 % for the 

interventionn and control study respectively (intervention and control group 

preoperativee vs. postoperative t=0 p<0.0001; ns between groups). At t=24 hours, 

HLA-DRR expression on monocytes was decreased to 0 % in the control group, 

whereas,, in the intervention group, IFN-y increased the HLA-DR expression to 

11 % (p=0.004 vs. controls). 

ThyroidThyroid hormone and TSH plasma concentrations (tabel 2. and fig 2) 

Onn the second postoperative day all patients had evidence of the existence of a 

euthyroidd sick syndrome, manifested by decreased values of T4, T3 and TSH and 
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FigureFigure  2 Effect s o f IFN-y administratio n on plasm a thyroi d hormon e and TSH 
concentrations ::  Plasm a concentration s T4, Free T4, TSH, T3, rT3 and T3-uptak e (mean
SEM)) afte r 100 ug/m 2 rhlFN^ y (n=7 , close d circles ) versu s salin e (n=6, ope n circles ) 
administratio nn to postoperativ e patients . Ther e wer e no difference s betwee n bot h stud y days . 
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Tablee 2. Thyroid hormones: baseline- and reference (ref.) values 

T4 4 

nmol/L L 

T3 3 

nmol/1 1 

rT3 3 

nmol/1 1 

IFN-gammaIFN-gamma 59  4 

placeboplacebo 58  5 

ref.ref. value 70-150 

0.599  0.04 

0.533  0.02 

1.3-2.9 9 

0.533  0.04 

0.644  0.06 

0.111 -0.44 

Patientt data are expressed as mean  SE 

TSH H 

mE/L L 

increasedd values of 

rT33 as compared with 

ourr reference values as 

depictedd in Tabel 2. 

Baselinee thyroid hor-

monee (T4, FreeT4, T3, 

rT3,, T3-uptake, FT4 

index)) and TSH levels 

didd not differ between the control and intervention study. There were no effects of 

IFN-yy on any of the thyroid hormone indices, compared with the control group. 

0.166 2 

0.266 3 

0.4-4 .0 0 
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Discussion n 

Inn the present study, we demonstrate that in postsurgical patients the euthyroid sick 
syndromee is present without an increase in the concentrations of IFN-gamma. 
Moreover,, administration of IFN-y to post-surgical patients with the euthyroid sick 
syndromee does not affect thyroid hormone and TSH levels. In addition to our 
previouss study in healthy volunteers (15), the present study supports the notion that 
IFN-gammaa is not a mediator of the euthyroid sick syndrome. 

Att the second post operative day, in all postoperative patients low T3 and 
increasedd rT3 levels as compared to reference values were measured. Therefore, 
thee patients in our study meet the criteria for euthyroid sick syndrome. From the 
presentt study, however, it can not be deduced whether these alterations were 
inducedd by hepato-pancreaticobiliary surgery alone, or were already existing before 
surgicall  procedures, as a result of the underlying disease in our patient population. 
Al ll  patients in the present study suffered from malignant disease, which itself is 
associatedd with the euthyroid sick syndrome (1). Nevertheless, it was not the aim 
off  our study to investigate the effects of surgery per se on thyroid hormone 
metabolism,, since the relation between the euthyroid sick syndrome and abdominal 
surgeryy has been documented before (19). 

Itt can be questioned, whether an inadequate dosage of IFN-y was 
administeredd in the present study. However, this seems unlikely. Baseline and peak 
plasmaa levels reached in the present study -although variable- were in the range of 
thosee measured in non-endocrine diseases in humans (20-22).Moreover, 
comparablee molar amounts of other cytokines (like TNF-oc, IL-6 and IFN-a) 
inducee profound effects on thyroid hormone metabolism when administered in a 
comparablee study design to healthy humans or patients (10-12). Furthermore, the 
dosagee used in the present study seemed sufficient in respect to clinical measures 
andd immunological markers as evidenced by an increased body temperature and 
elevatedd HLA-DR expression as compared to the control patients. We cannot 
excludee that a higher dosage of IFN-y could have induced an effect on thyroid 
hormonee metabolism. It was, however, not our intention to study administration of 
pharmacologicall  quantities of IFN-y. 

Thee present study is the third consecutive study in humans, in which in 
vivoo effects of IFN-y on thyroid hormone metabolism could not be demonstrated. 
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Kungg et al administered IFN-y on a chronic schedule to patients with hepatitis B, 
butt could not establish any long-term effect of IFN-y on thyroid hormone 
metabolismm (23). Subsequently, we studied, in a placebo-controlled crossover 
study,, thyroid hormone metabolism in healthy subjects after IFN-y injection, but 
couldd not demonstrate any short-term effect (15). Finally, the present study clearly 
shows,, that IFN-y does not influence thyroid hormone metabolism in patients with 
thee euthyroid sick syndrome patients after major abdominal surgery. These 
observationss are in contrast with observations from in vitro studies: in-vitro 
stimulationn of thyrocytes with IFN-y induces effects on thyroid hormone 
productionn and 5'-deiodinase mRNA synthesis (7). This discrepancy with the in-
vivoo situation, may be explained by the relatively high amounts of cytokine, 
necessaryy to induce effects in vitro. Under these circumstances a possible role for 
IFN-yy in patients, in vivo, can only be explained -on theoretical grounds- from 
locall  production in the thyroid gland, and therefore possibly rather high 
concentrations,, of IFN-y. However, excessive intrathyroidal production of IFN-y 
causedd by homing of activated (so, IFN-y producing) T-cells to thyroidal tissues in 
patients,, in whom the pathology is associated with nonthyroidal diseases, has never 
beenn reported. Consequently, the high dosage of IFN-y as used in vitro studies, 
seemm to be irrelevant for the in vivo situation. A comparable argument can be used 
whenn comparing human studies with in- vivo animal studies. In studies in mice 
largee dosages of IFN-y (and therefore possibly relatively high IFN-y concentrations 
att tissue levels) are needed to induce effects (14). Moreover, mice seem to show a 
deviatedd reaction to cytokines as compared to humans concerning thyroid hormone 
metabolism.. For example, TNF-a and IL-6 induce acute and profound effects on 
humann thyroid hormone metabolism (using relatively low cytokine dosages), 
whereass in mice, these cytokines lack influences on the same parameters, 
irrespectivee of the cytokine dosages used (14). 

Synergismm with components of the inflammatory cascades and IFN-y does 
nott seem to be involved with respect to the regulation of the human HPT axis. 
Althoughh all patients were recovering from major surgery, which is associated with 
aa general state of inflammation and an altered cytokine profile at systemic and 
mostt probably microenvironmental levels (24-26), there was no enhanced reaction 
too IFN-y in postoperative patients, as compared to healthy subjects. Therefore, 
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IFN-YY has no additive or synergistic effects with inflammatory mediators on 
thyroidd hormone metabolism. 

Inn conclusion, IFN-gamma does not appear to be involved in the major 
changess in thyroid hormone metabolism in patients with nonthyroidal illness. 
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Abstract t 

Antigenn induced activation of T cells is determined by 1) the number of T cell receptors (TCR's) 

triggeredd by TCR-ligands on antigen presenting cells (APC's), and 2) the intrinsic cellular threshold 

forr activation. T cell receptor triggering is optimized by adhesion molecules, that form the interaction 

sitesite between T cells and APC's, i.e. the immunological synapse. In addition, signals through co-

stimulatoryy molecules lower the intrinsic T cell activation threshold. Immunosuppressive agents and 

traumaticc events such as major operative procedures change physiological T cell responses. 

Depressedd immune functions after surgery are presumed to render patients more susceptible to 

pathogens.. Interferon-gamma (IFN-y) is a type II homodimeric cytokine with multiple 

immunostimulatoryy properties. Several studies have been performed to assess the effects of IFN-y 

treatmentt in patients in need of increased immune reactivity. However, until now, the effect of IFN-y 

onn human antigen specific CD4+ T cell reactivity after surgically induced immunosuppression has not 

beenn reported. Therefore, a comparative trial of recombinant human (rh)IFN-y versus placebo in 

patientss after abdominal surgery was initiated. Antigen-specific helper T cell immune reactivity was 

assessedd by antigen induced cytokine production, intracellular cytokine staining and flow cytometry. 

AA single dose of rhIFN-y rescued downmodulation of antigen specific CD4+ T cell reactivity, 

concomitantt with an upregulation of TCR-ligands on antigen presenting cells. Selected patients may 

benefitt from the immunostimulatory properties of rhIFN-y administration in vivo. 
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Introductio n n 

TThee clinical outcome of infections is not only determined by the nature and 
dosee of infectious agents but also by host resistance mechanisms. The host 
defensee against pathogenic microorganisms is disturbed after severe 

trauma,, and surgical stress is similarly capable of inducing immunosuppressive 
effectss (1-6). After surgical trauma, densities of HLA class II molecules on 
monocytess are dramatically reduced and thereby the number of potential TCR-
ligandss for CD4+ T cells is diminished (7-9). 
Administrationn of recombinant human IFN-y has been performed in severe burn 
patientss and trauma patients. Although a decline of infection rate or death rate upon 
IFN-yy administration was not found in all patients, subgroups of trauma or burn 
patientss are believed to experience beneficial effects from this treatment (10-13). 
Moreover,, administration of rhIFN-y does reduce the frequency and severity of 
infectionss in patients with chronic granulomatous disease (14). 
IFN-yy exerts various effects on the immune system in vivo. First, IFN-y depresses 
peripherall  blood leukocyte counts, presumably by redistribution of cells from the 
circulationn to secondary lymphoid organs and solid tissues (15,16). Second, IFN-y 
increasess Fcy-receptor-1 (FcyRI) expression on neutrophilic granulocytes, thereby 
increasingg the Fc mediated, but not complement mediated phagocytosis of bacteria 
(15,17).. Third, IFN-y increases FcyRII and III - and integrin expression on 
monocytess and hydrogen peroxide production by monocytes (10,15). Fourth, it has 
beenn demonstrated that IFN-y augments levels of lipopolysaccharide-binding 
proteinn (15). Finally, after surgical interventions, IFN-y reverses depressed HLA 
classs II expression on monocytes (18). Thereby, densities of TCR-ligands for CD4+ 

TT cells is reestablished at high levels on cells that differentiate into antigen 
presentingg cells (19). It has not been previously resolved whether these effects of 
IFN-yy elevate antigen specific T cell immune reactivity in vivo in humans. 
Recentlyy developed tools allow determination of frequency and phenotype of 
antigenn specific CD4+ T cells from human peripheral blood (20-23). These assays 
dependd on antigen induced CD4+ T cell activation and production of effector 
cytokines,, intracellular cytokine staining and flowcytometric analysis. We 
performedd a comparative, placebo controlled study into the effects of rhIFN-y on 
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antigen-specificc immunity of patients after a pylorus-preserving 

pancreaticoduodenectomy.. During a study period of two days after rhlFN-y 

administration,, characteristics of antigen-specific CD4+ T cell reactivity were 

studiedd simultaneously with properties of circulating monocytes. By evaluating 

responsess to cytomegalovirus (CMV) and Staphylococcus Aureus Enterotoxin B 

(SEB),, we analyzed whether administration of rhIFN-Y can rescue antigen specific 

CD4++ T cell reactivity after surgical trauma, by stimulating antigen presenting cell 

functionality. . 

Material ss and methods 

Patients Patients 

Patients,, scheduled for elective pylorus-preserving pancreaticoduodenectomy 
aimedd at curative treatment of a suspicious tumor in the pancreatic head, papilla of 
Vater,, distal bile duct or duodenum were eligible for entry into this study. CMV-
seronegativee patients do not have detectable frequencies of CMV-specific CD4+ 

lymphocytess in peripheral blood (20,23) and therefore, CMV-seronegative patients 
weree excluded from this study. Other exclusion criteria were: 1) jaundice at 
hospitall  admission (bilirubin levels exceeding 40 (xmol/L, preoperative biliary 
drainagee was accepted); 2) fever in the period of two weeks prior to hospital 
admission;; 3) irresectability as a peroperative finding, and therefore deviation of 
thee intended pylorus-preserving pancreaticoduodenectomy procedure towards a 
bypasss procedure; 4) Clinical instability or evidence of infection on the day of the 
studyy (second post-operative day). All patients gave written informed consent, in 
accordancee with the Helsinki Declaration of Human Rights. The study was 
approvedd by the Research Committee and the Medical Ethical Committee of the 
Academicc Medical Center, Amsterdam, The Netherlands. 

StudyStudy design 

Onee day prior to the surgical procedure, patients were asked to consent with the 
study,, under the condition of being CMV-seropositive. The study design is 
schematicallyy drawn in figure 1. Blood was sampled for determination of CMV 
serostatuss and routine biochemical and hematological measurements. Two days 
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FigureFigure  1 Desig n of the study : 
Bloo dd collection s are indicate d by 
arrows .. Bloo d collection s were performe d 
onn admissio n for CMV serology ; at day 0, 
jus tt  befor e administratio n of rhIFN-y or 
placebo ,, and at 24 and 48 hour s 
thereafte rr  for determinatio n of 
monocytes ,, lymphocyt e subset s and 
CMV-- and SEB-specifi c CD4* T cel l 
reactivity . . 

afterr surgery and just before administration of recombinant human (rh) IFN-y or 

placebo,, blood was drawn for determination of monocytes, lymphocyte subsets and 

CMV-- and SEB-specific CD4+ T cells. At 09.00 A.M., rhIFN-y (100 ug/m2, 

Immukine,, Boehringer Ingelheim GmbH, Ingelheim/Rhein, Germany) or an 

equivalentt volume of saline solution was injected subcutaneously in the upper leg. 

Twenty-fourr and 48 hours after the injection of rhIFN-y or saline, blood was 

drawn,, again for determination of monocytes, lymphocyte subsets and CMV- and 

SEB-specificc CD4+ T-cells. 

Anti-CMVAnti-CMV antibodies 

Beforee surgery, anti CMV IgG was determined in serum using the AxSYM micro 
particlee enzyme immunoassay (Abbott Laboratories, Abbott Park, Illinois, USA) 
accordingg to the manufacturer's instructions. 

Immunofluorescencee and flow-cytometry 

EDTA-anticoagulatedd whole blood was directly cooled on ice. Whole blood was 
fixedfixed in 0.5% (w/v) paraformaldehyde (PFA) for 5 minutes at 4°C. Subsequently, 
erythrocytess were lysed twice in ammonium chloride (0.155 M) in water 
containingg 0.5 mM potassium EDTA. Leukocytes were refixed in 2% PFA and 
washedd in PBS (phosphate buffered saline) containing 5% (w/v) Bovine Serum 
Albuminn (BSA, Sigma-Aldrich Chemie BV, Zwijndrecht, The Netherlands), 0.01% 
(w/v)) NaN3 and potassium EDTA (PBAP). Aspecific binding of antibodies was 
blockedd by addition of 10% (v/v) human pooled serum (HPS, BioWhittaker Inc. 
Walkersville,Walkersville, Maryland, USA) in PBAP. Cells were incubated with fluorescent 
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labell  conjugated primary antibodies for 30 minutes at 4°C protected from light. 
Subsequently,, cells were washed and resuspended in PBAP and analyzed on a dual 
laserr F ACS Calibur flow cytometer equipped with a 488 nm argon ion laser and a 
635nmm red diode laser. On day 0, photomultiplier tube (PMT) voltage- and 
electronicc compensation adjustments were performed using unstained cells or cells, 
singlee stained with either CD8-FITC, CD8-PE or CD8-PerCP (BectonDickinson 
Immunocytometryy Systems, San Jose, California, USA(BD)). At day 1 and 2 after 
rhlFN-yy or placebo treatment PMT voltages and electronic compensation from day 
00 zero were used (but checked for accuracy). Other monoclonal antibodies used 
weree CD45RA-FITC, CD27-PE, CD4-PerCP (all BD), anti-HLA class II-FITC 
(Dako,, Glostrup, Denmark). For determination of the costimulatory molecules 
CD800 (B7.1) and CD86 (B7.2) a two step staining protocol was followed. After 
additionn of HPS, the peripheral blood leukocytes were incubated with CD80 (M24) 
orr CD86 (1G10, both kindly provided by Dr. M. de Boer, Tanox Pharma B.V. 
Amsterdam,Amsterdam, The Netherlands), for 30 minutes at 4°C protected from light. 
Subsequently,, cells were washed in PBAP and stained with the secondary antibody 
goatt anti mouse immunoglobulin-FITC (1299, CLB, Amsterdam, The Netherlands) 
forr 30 minutes at 4°C protected from light, washed and analyzed on a FACS 
Caliburr flow cytometer. 

Dataa files containing 30,000 events within a lymphocyte gate were saved. 
Frequenciess of CD45RA+CD27+ cells within gated CD4+ lymphocytes were 
determinedd using Cellquest software (BD) and designated naive CD4+ T cells (24-
26).. The CD45RA'CD27+CD4+ and CD45RACD27 CD4+ T cell frequencies were 
addedd and designated memory CD4+ T cells. For HLA-class II expression levels on 
monocytes,, mean fluorescence intensities (MFI) were determined in the monocyte 
gate.. Because expression of CD80 and CD86 on monocytes does not clearly 
exceedd background levels, MFI's were normalized to control antibody MFI. 

DeterminationDetermination of antigen specific CD4+ T cells 
CMV-- and SEB-specific CD4+ T cell frequencies were determined according to the 
methodd described by Suni et al. (22). Briefly, 1 ml of heparin-anticoagulated whole 
bloodd was incubated for 6 hours in the presence of either CMV antigen 
(BioWhittaker,, 60 ul/ml), control antigen (BioWhittaker, 60 ul/ml, negative 
control),, no antigen (additional negative control) or Staphylococcus Aureus 
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enterotoxinn B (SEB, Fluka, lug/ml), in 15 ml polypropylene tubes (Falcon 
labware,, BD). CD28 monoclonal antibody (mAb) (clone 15E8, CLB, The 
Netherlands)) was added as 3 ng/ml (final concentration). For the final 5 hours of 
culture,, brefeldin A (Sigma-Aldrich Chemie BV) was added to the cultures in a 
finall  concentration of 10 ug/ml. In a subgroup of patients, CMV-specific CD4+ T 
celll  frequency was also determined in the absence of CD28 antibody incubations. 
Afterr 6 hours, 100 \iL per tube of 20mM potassium EDTA in PBS was added to the 
culturess and the tubes were incubated at room temperature for 15 minutes. 
Erythrocytess were lysed by addition of 10 ml per tube FACS lysing solution (BD) 
andd incubation for 10 minutes at room temperature. Cells were pelleted and 
resuspendedd in 0.5 ml per tube FACS permeabilizing solution and incubated for 10 
minutess at room temperature. Three ml of PBS containing 5%(w/v) BSA and 
0.01%% (w/v) NaN3 (PBA) was added, and cell suspensions were transferred to 
FACS-tubess and pelleted. Cells were stained with CD4-APC(BD), CD69-PE (BD) 
andd anti- IFN-y-FITC (BD) according to the manufacturers' instructions for 30 
minutess at 4°C protected from light. Subsequently, cells were washed in PBA. 
Cellss were analyzed on a FACS Calibur flow cytometer, as previously described. 
Dataa files containing 50,000 events positive for CD4-APC fluorescence within a 
lymphocytee gate were saved. Frequencies of CD69+ IFN-y*  cells within the CD4+ 

lymphocytee gate were determined using Cellquest software (BD) and designated 
CMV-specificc CD4+ T cell frequency in case of CMV stimulated cultures or SEB-
specificc CD4+ T cells in case of SEB stimulated cultures. 

StatisticalStatistical analysis 
Changess from baseline (i.e. the measurement at day 0, two days after surgery) per 
patientt were calculated. Within each treatment group, the change from baseline of 
continuouss numerical variables was analyzed using Wilcoxon's signed rank test. 
Differencess in changes from baseline between treatment groups were analyzed by 
thee Mann-Whitney test. Tests were performed using SPSS 7.5.3 software (SPSS 
Inc.,, Chicago, Illinois, USA) 
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Tablee 1 Patient characteristics 

Placebo o IFN--

Sexx (female/male) 

mediann age at day 0 in years (range) 

mediann duration of anaestesia in minutes 

(range) ) 

4/2 2 

54.5(49-69) ) 

1/5 5 

64(48-77) ) 

nss (Fishers exact) 

nss (Mann-Whitney) 

285(210-330)) 367.5(155-425) ns (Mann-Whitney) 

ns:: not statistically significantly different 

Fig.. 2a Before e 
IFN-y y 

dayl l day2 2 

FITC-- fluorescence (arbitrary units) 

Control Control 
antianti HLA-class ll-FITC 

Fig.. 2b 
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FigureFigure  2 Administratio n of rhIFN-y but not placeb o 
induce ss monocyt e HLA clas s II expression : 
a.)) Histogram s of monocyte s (gated on forwar d 

scatte rr  and sidewar d scatte r parameters ) wit h 
respec tt  to backgroun d fluorescenc e (dashe d lines ) 
orr  anti-HLA-clas s ll-FITC fluorescenc e (soli d lines ) 
(X-axis ,, arbitrar y units , log scale ) versu s relativ e 
cel ll  numbe r (Y-axis) . Histogram s are fro m one 
representativ ee patien t treate d wit h rhIFN-y and 
represen tt  measurement s obtaine d jus t befor e 
administratio nn of rhIFN-y (day 0, lef t panel) , 24 
hour ss after administratio n of rhIFN-y (day 1, middl e 
panel )) and 48 hour s after administratio n of rhIFN-y 
(day(day  2, righ t panel ) 

b.)) Time (in days after administratio n of rhIFN-y or 
placebo ,, X-axis ) versu s HLA-clas s II expressio n on 
monocyte ss (in mean fluorescenc e intensit y (ar-
bitrar yy units) , Y-axis ) of rhIFN-y - (close d circles) 
andd placebo - (open circles ) treate d patients . 
Circle ss re-presen t means , erro r bars represen t the 
standar dd erro r of the mean. 
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Results s 

Patients Patients 

Fromm December 1998 until February 2000, 12 patients were included into this 
study.. Six patients were assigned to rhIFN-y treatment and six patients received 
placebo,, both at day 2 after surgery. Patients in both groups were comparable with 
respectt to sex, age at entry into the study and mean duration of the surgical 
proceduree (table 1). 

ExpressionExpression ofHLA-class II on peripheral blood monocytes 
Beforee treatment, HLA class II expression on monocytes was low. In placebo 
treatedd patients, HLA class II expression remained low at the first day of follow up. 
Att the second day after administration of placebo, a small, statistically not 
significantt increase in MFI for HLA class II was observed (figure 2b). In 
accordancee with previous reports, treatment with rhIFN-y dramatically increased 
expressionn of HLA class II on monocytes (figure 2a and b) (10,11,15,18). Thus, 
administrationn of rhIFN-y increases densities of potential T cell receptor-ligands on 
antigenn presenting cells. 

CMV-specificCMV-specific and SEB-specific CD4+ T cell reactivity in peripheral blood is 

rescuedrescued by rhIFN-y treatment 

Figuree 3 shows the CMV- and SEB-specific CD4+ T cell frequencies from one 

representativee patient two days after surgery and just before administration of 

rhIFN-y.. In cultures incubated either without antigen (not shown) or with control 

antigen,, no IFN-y-producing cells are found (figure 3 upper left panel). Treatment 

withh rhIFN-y did not increase the frequencies of cells positive for IFN-y staining 

afterr incubation without antigen or with control antigen (not shown). Therefore, 

occupancyy of IFN-y-receptors by rhIFN-y is not detectable by flow cytometry in 

peripherall  blood derived CD4+ T cells at 24 hours or 48 hours after rhIFN-y 

administrationn in these patients. Moreover, plasma levels of IFN-y are back to 

normall  24 hours after rhIFN-y administration (16). In cultures incubated with CMV 

antigen,, a small but clearly distinguishable CD4+ T cell population became 

detectablee consisting of activated (CD69+), IFN-y producing cells (figure 3, second 

147 7 



ChapterChapter 8 

Before e 
IFN-Y Y 

dayll day2 

controll  Ag with CD28 

!! • > • 

0.07% % 

, , 

s s 

0.05% % 

è è 1 1 
0.02% % 

CMVA gg noCD28 

CD D 
Q Q 
O O 

i-- '••;:, 

'' > «io* 

1.65% % 

SKy. . 

""  " i i 

>'Ü Ü 

riTJBrriTJBr  I 

•• 2;.34% 

' » " ll  1 ' ' 

1.94% % 

r n n ,, i ( T i n | r Min i 

FigureFigure  3 
CMV-specifi cc  and 
SEB-specifi c c 
CD4** T cel l 
reactivity : : 
Thee dotplot s 
represen tt  CD4* 
lymphocyte ss wit h 
respec tt  to anti -
IFN^y-FITC C 
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axis ,, arbitrar y 
units ,, log scale ) 
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Thee dotplot s 
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thee cultures with MHC class II  reactive antibodies (20-22). Therefore, this 
populationn of activated cells is considered to be antigen specific. Although 
activatedd in an antigen specific and MHC class II  restricted manner, the number  of 
thesee cells increases by addition of co-stimulatory signals. Accordingly, addition of 
CD288 antibodies to the CMV stimulated cultures increased the frequency of 
activatedd cells producing IFN-y (compare figure 3 second row of panels and thir d 
roww of panels). This increase in the frequency of antigen specific CD4+ T cells by 
CD288 is likely due to a lowering of the activation threshold for  IFN-y production 
byy cells that would not have been sufficiently triggered in the absence of additional 
costimulatoryy signals (20,21,27). 
CD4++ T cell reactivity to CMV depends on uptake of antigen, antigen processing 
andd peptide loading on MHC class II  molecules by antigen presenting cells, 
activitiess that may be differentiall y regulated by IFN-y. SEB, being a superantigen, 
directlyy triggers T cells by crosslinking T cell receptor  p-chain variable regions to 
MHCC class II  molecules, a process which is independent from antigen processing 
orr  peptide loading (28,29). The lower  panels of figure 3 show the frequency of 
SEB-reactivee CD4+ T cells from one representative patient before administration of 
rhlFN-y .. Generally, the frequencies of SEB-reactive CD4+ T cells was found to be 
higherr  than the frequency of CMV-specific CD4+ T cells (compare figure 3 thir d 
roww of panels and lower  panels). Moreover, after  SEB stimulation, a population of 
cellss appears that is activated (i.e. CD69+) but does not produce IFN-y. Naive T 
cellss can not readily produce effector  cytokines like IFN-y upon first  short term 
stimulation.. Therefore, these cells presumably are naive T cells. 
Thee effects of a single dose of rhIFN- y on CMV- and SEB-specific CD4+ T cell 
reactivityy in time is visualized in figure 4. In patients receiving placebo, CMV-
specificc and SEB-specific CD4+ T cell reactivity decreased over  time from day 2 to 
dayy 4 after  the surgical intervention. In contrast, in patients treated with rhIFN-y , 
CMV-specificc helper  cell reactivity gradually increased (figure 4, left panel). 
Administratio nn of rhIFN- y significantly increased SEB-specific CD4+ T cell 
reactivityy (figure 4, right  panel). Moreover, the decrease of CMV- and SEB-
specificc CD4+ T cell reactivity over  the two days after  placebo treatment was 
significantlyy different from the increase in the rhIFN- y treated patients (table 2). 
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FigureFigure  4 Surgicall y depresse d 
antige nn specifi c CD4* T cel l 
reactivit yy  is rescue d by in viv o 
administratio nn of rhIFN-y but 
nott  by placebo : 
Timee (in days after admin -
istratio nn of rhlFN- y or placebo , 
X-axis )) versu s frequenc y of 
CMV-specifi cc  CD4* T cell s (lef t 
panel ,, percentag e of CD4* 
lymphocytes ,, Y-axis ) or 
frequenc yy of SEB-specifi c CD4* 
TT cell s (righ t panel , percentag e 
off  CD4+ lymphocytes , Y-axis) . 
Circle ss represen t means of 
rhIFN-y -- (close d circles ) or 
placebo -- (open circles ) treate d 
patients ,, erro r bars represen t 
thee standar d erro r of the mean. 

Timee (days) 

DistributionDistribution of naive and memory CD4+ T cell subsets 

Administrationn of rhlFN-y is known to affect the distribution of peripheral blood 

leukocytee subsets. In all patients after the surgical procedure, a considerable 

leukocytosiss was observed, consisting mainly of neutrophilic granulocytes. This 

leukocytosiss gradually decreased in the study period in both the rhIFN-y and the 

placeboo treated groups. In both, the rhIFN-y and the placebo treated patients, total 

lymphocytee counts did not change during the study period (not shown). 

Effectorr cytokine producing CD4+ T cells are located exclusively in the memory 

populationn and therefore changes in subset distribution could affect the outcome of 

thee above described functional assays (20,30). Composition of the circulating T 

celll  subsets was evaluated in the study populations. Mean frequencies of CD45RA" 

memorymemory CD4+ T cells decreased in the rhIFN-y treated patients, but not in placebo 

treatedd patients (figure 5). In contrast, the frequency of CD45RA+CD27+ naive 

CD4++ T cells significantly increased in the rhIFN-y treated patients, but not in 

patientss receiving placebo (not shown). Moreover, the increase of naive CD4+ T 

celll  frequency in the rhIFN-y treated patients over the first day after treatment was 

significantlyy different from the decrease in naive CD4+ T cell frequency in the 
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FigureFigure  5 Administratio n of rhlFN- y in patient s 
afterr  surger y induce s a relativ e decreas e of 
CD45RA""  memor y CD4* T cell s in periphera l 
blood : : 
Timee (in days after administratio n of IFN-y or 
placebo ,, X-axis ) versu s frequenc y of CD45RA' 
memor yy cell s withi n the CD4 T cel l populatio n 
(percentag ee of CD4* lymphocytes , Y-axis) . 
Circle ss represen t means of rhlFN-y - (close d 
circles )) or placebo - (open circles ) treate d 
patients ,, erro r bars represen t the standar d erro r 
off  the mean. 

placeboo treated patients (p=0.009 
Mann-Whitney).. These results point 
too a mechanism by which rhlFN-y 
treatmentt causes a specific 
redistributionn of memory CD4+ T 
cells.. Thus, administration of rhlFN-
yy spared CMV-specific CD4+ T cell 
reactivityy and increases SEB-specific 
CD4++ T cell reactivity in peripheral 
blood,, whereas at the same time, the 
frequencyy of memory cells is 
reduced.. We consider it very 
unlikelyy that, while the pool of 
memoryy CD4+ T cell is relatively 
reduced,, the true frequency of CMV-
specificc and SEB-specific memory 
CD4++ T cells would be increased. 
Therefore,, we feel that the rescue of 
CMV-specificc CD4+ T cell reactivity 
andd increase in SEB-specific CD4+ 

cann not be explained by an increased 
frequencyy of circulating responsive 
TT cells but rather reflects an increase 
inn TCR ligand density on and 
functionn of antigen presenting cells. 

Discussion n 

Thee present study illustrates that the many known correlates of boosted immune 

reactivityy by IFN-y contribute to increased in vivo antigen specific immunity in a 

systemm of surgically induced immunosuppression. We show that administration of 

rhlFN-yy increases densities of CD4+ T cell receptor ligands on monocytes, and 

concomitantlyy prevents a loss of antigen specific CD4+ T cell reactivity. 
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Physiologically,, IFN-y is produced by T cells and natural killer (NK) cells. The 

IFN-yy receptor is ubiquitously expressed (31). Dimerization of IFN-y-receptors 

inducess phosphorylation and thereby activation of the tyrosine-kinases JAK1- and 

JAK2.. These JAKs then phosphorylate the homodimerized IFN-y receptor a-

chains.. This results in a docking site for STAT la. Docked STAT l a is 

subsequentlyy tyrosine-phosphorylated, dissociates from the IFN-y receptor and 

formss homodimers. STAT l a homodimers translocate to the nucleus and bind to 

thee gamma activated site (GAS, TTNCNNNAA) of promotor regions of many 

genes.. Among the genes is CIITA, a transactivator responsible for IFN-y mediated 

upregulationn of MHC class II expression (32). 

Proteolysiss of endocytosed proteins for presentation in class II is mediated 

byy lysosomal cathepsins. Expression of some of these proteins in macrophages is 

inducedd by IFN-y stimulation. The invariant chain (essential for class II assembly 

andd stabilization) and HLA-DM (essential for loading of peptides in HLA class II 

Tablee 2. Mean average changes of monocyte HLA class II expression and antigen specific CD4 T 
cellcell immune reactivity. 

dayy 1-0' dayy 2-0' 

Parameter r 

MFII  HLA class II 

onn monocytes 

%% CMV-specific within 

CD4++ lymphocytes no CD28 

%% CMV-specific within 

CD4++ lymphocytes with CD28 

%% SEB-specific within 

CD4++ lymphocytes 

intervention n 

placebo o 

rhlFN-y y 

Placebo o 

rhIFN-Y Y 

Placebo o 

rhh IFN-Y 

Placebo o 

rhlFN-y y 

n= = 

6 6 

6 6 

5 5 

3 3 

6 6 

6 6 

6 6 

6 6 

average e 

change e 

-15.41 1 

120.21 1 

0.26% % 

0.32% % 

0.03% % 

0.24% % 

-0.89% % 

1.40% % 

p-value e 

0.0413 3 

nt4 4 

nt4 4 

nt4 4 

n= = 

5 5 

5 5 

5 5 

3 3 

6 6 

6 6 

6 6 

6 6 

average e 

change e 

40.51 1 

122.58 8 

-0.18% % 

0.29% % 

-0.31% % 

0.93% % 

-0.68% % 

1.67% % 

p-value e 

0.033 23 

0.033 63 

0.0153 3 

0.0263 3 

meann fluorescence intensity in arbitrary units 

dayss after administration of IFN-y or placebo 
33 null hypothesis: average change after placebo = average change after rhIFN-y, Mann-Whitney test 

nt:: not tested, difference between dayO and dayl in both groups was not statistically significant 

ns:: not statistically significantly different 

152 2 



IFN-yIFN-y rescues antigen specific immunity in surgical patients 

molecules)) genes are coordinately expressed with MHC class II molecules and 
thereforee upregulated by IFN-y. These mechanisms contribute to increased 
availabilityy of T cell receptor ligands. We favor a model by which these 
cooperatingg mechanisms lead to a higher amount of triggered T cell receptors. 
Moreover,, IFN-y induces integrin expression on monocytes (15). This may 
amelioratee formation of the immunological synapse, leading to more efficient TCR 
triggeringg and thereby to increased T cell reactivity. 

Inn a subgroup of our patients, expression of the co-stimulatory molecules 
CD800 and CD86 on monocytes was analyzed. CD86 expression tended to increase 
onn monocytes of rhIFN-y treated patients whereas it remained unchanged in 
placeboo treated patients (not shown). Thus, lowering of triggering thresholds of 
individuall  T cells may have occurred due to increased co-stimulatory activity 
(27,33).. In addition, CD4+ T cells may express functional IFN-y receptors. 
Therefore,, direct effects of IFN-y on CD4+ T cells may have affected intrinsic 
activationn thresholds of T cells. 

Nextt to HLA class II regulation, IFN-y exerts many additional regulatory 
functions.. Gamma activated sites are found in the promotor regions of the 
interferonn regulatory factors such as IRF-1, IRF-2. These interferon regulatory 
factorss contain N-terminal binding domains recognizing interferon-stimulated 
responsee elements (ISRE's) of enhancer regions like the 5*  enhancer region of 
MHCC class I genes. IRF-1 binding to ISRE in MHC class I enhancer regions 
togetherr with nearby NFKB binding, induces MHC class I gene expression. 
Similarly,, cooperation of NF-KB and IRF-1 binding regulate (J2 microglobulin 
expression,, necessary for MHC class I induction (31). For peptide presentation in 
classs I molecules, proteolysis of ubiquitinated proteins starts in the proteasome. 
Subunitss of the proteasome as well as the proteasome activator PA28 are induced 
byy IFN-y After degradation, peptides are transported into the endoplasmic 
reticulumm by the transporter associated with antigen processing (TAP), which is 
inducedd by IFN-y. Next, tapasin mediates peptide loading on MHC class I 
molecules.. Tapasin expression is also regulated by IFN-y (31). Although not 
studiedd here, these mechanisms may contribute to better CD8+ T cell functions in 
rhIFN-yy treated patients. 

Duringg the last decade, chemokines have been found to regulate adherence 
too endothelium and extravasation of immune cells to inflammatory sites. 
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Expressionn of many of these chemokines are influenced by IFN-y signaling (17). 

Administrationn of rhIFN-y caused a redistribution of CD4+ T cells. 

CD45RA+CD27++ naive CD4+ T cells are increased in the circulation, whereas 

memoryy helper cells tend to decrease in peripheral blood. Effector cytokine 

producingg CD4+ T cells are located solely in the memory population. Therefore, 

thee here found rescue from decreased antigen specific CD4+ T cell reactivity is 

veryy unlikely to be due to selectively remaining cells bearing CMV- or SEB-

specificc T cell receptors. Taken together, these data favor a model by which, in a 

situationn of post operative immunosuppression, administration of rhIFN-Y 

upregulatess TCR-ligands on antigen presenting cells and thereby increases T cell 

receptorr triggering efficiency. 

AA considerable portion of patients after pylorus-preserving pancreatico-

duodenectomyy are reported to acquire any form of post operative infection (34). 

Sincee CD4+ T cells orchestrate many aspects of antigen specific immunity against 

microo organisms, like B cell responses and cytoxic T cell responses, our findings 

suggestt an ameliorating effect of rhIFN-Y administration on antigen specific 

immunee defenses in patients after abdominal surgery. 
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Abstract t 

Situationss of severe tissue injury are associated with a depressed cellular immunity, which is partly 

reflectedd by decreased expression of HLA-DR on monocytes. In surgical patients, low levels of HLA-

DRR on monocytes correlate with higher rates of postoperative complications and mortality. IFN-y is 

thoughtt to have a favorable effect in postoperative patients, since it increases the monocyte HLA-DR 

expression.. An unanimous favorable effect of IFN-y in situations of stress, however, should not too 

readilyy be deduced from these observations since IFN-y could, like TNF-ot, possibly induce serious 

systemicc derangements as seen during sepsis. To determine the contribution of IFN-y to the host 

inflammatoryy response to injury more precisely, we previously studied the acute effects of rhIFN-y 

administrationn on host inflammatory response mediators in healthy subjects. In that study, IFN-y 

inducedd a moderate stimulatory effect on neutrophilic granulocytes, enhanced synthesis of acute 

phasee proteins, increased release of chemokines and increased IL-6 release. To study the role of IFN-y 

onn the host inflammatory response in a system in which inflammation is already ongoing, we studied 

patientss after major elective surgery. Thirteen patients scheduled for a major surgical intervention 

weree randomized into an intervention and control (placebo) group. Subsequently, on the second 

postoperativee day, we evaluated the effects of a single dose of rhIFN-y vs. saline, on host 

inflammatoryy response parameters. IFN-y induced an increase in IFN-y production in PBMC, but did 

notnot influence acute phase protein levels in plasma. Also cytokine levels were not affected by IFN-y. 

Thee chemokine IP-10 increased after IFN-y administration, whereas no effect was measured on 

plasmaa IL-8. We conclude that in postoperative patients, IFN-y has no major influences on the host 

inflammatoryy response although a modest effect on parameters of cellular immunity was measurable. 

Thiss study demonstrates that the potential beneficial effects of IFN-y on the immune system of major 

traumaa or postoperative patients can be achieved without effects on the acute phase response. 
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Introductio n n 

SSeveree tissue injury induced by surgical interventions, trauma or sepsis, is 
generallyy associated with a depression of cellular immunity as reflected by 
decreasedd expression of HLA-DR on monocytes (1,2). In surgical patients 

reducedd HLA-DR expression is even correlated with an increased incidence of 
postoperativee complications and mortality (3). The precise mechanism responsible 
forr the decreased HLA-DR expression is not known. The decreased expression of 
HLA-DRR on monocytes may partly be related to the shift of the Thl/Th2 balance 
towardss a dominating Th2 type immune response, which is known to occur both 
afterr injury and after endotoxin challenge in man (4,5). Administration of the Thl 
cytokinee IFN-y restores the expression of HLA-DR on monocytes in septic or 
severelyy injured patients (6,7). However, it is unclear whether this immunological 
effectt of IFN-y is favourable in situations of severe physical stress. Serious 
hemodynamic,, metabolic, coagulatory and fibrinolytic derangements as seen 
duringg sepsis may result from an increased release of cytokines, amongst which not 
onlyy TNF-a and IL-6, but also IFN-y (8-13). 

Too determine the contribution of IFN-y to the host inflammatory response 

too injury more precisely, we previously studied the acute effects of rhIFN-y 

administrationn on host inflammatory response mediators in healthy subjects (14). 

Inn that study, IFN-y was shown to induce a moderate stimulatory effect on 

neutrophilicc granulocytes as was evidenced from plasma concentration of soluble 

andd granulocyte parameters and fenotypic changes of circulating neutrophils. 

Furthermore,, IFN-y appeared to trigger enhanced synthesis of acute phase proteins 

andd the release of chemokines, whereas no effects on circulating cytokine levels 

weree detected. These effects of IFN-y were measured under non-activated 

conditionss and may not represent the effects that may be induced by this cytokine 

underr inflammatory conditions. For example, in animal models IFN-y has been 

shownn to have impressive synergistic effects with TNF-a (15). To study the role of 

IFN-yy during inflammatory conditions, we now studied the effects of IFN-y 

administrationn in patients after major elective surgery. We choose to study patients 

onn the second postoperative day, since during the first 12 to 24 postoperative hours, 

neuroendocrinee instability (i.e. the trauma induced "ebb phase") (16,17) with 

fluctuatingg Cortisol levels, could influence immunological parameters. Thirteen 
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patientss sceduled for pylorus-preserving pancreaticoduodenectomy, were included 

andd postoperatively randomized into an intervention (rhIFN-y) and a placebo 

(control)) group, to evaluate the effects of a single dose of rhIFN-y (Immukine, 

lOO îg/m2)) vs. saline on host inflammatory parameters and on the Thl/Th2 balance. 

Subjectss and Methods 

Subjects Subjects 
Betweenn December 1998 and December 1999 twenty-four patients were included 
inn the study. All patients were scheduled for elective pylorus-preserving 
pancreaticoduodenectomyy aimed at curative treatment of a suspicious malignant 
tumorr in the pancreatic head, papilla of Vater, distal bile duct or duodenum. 
Exclusionn criteria were: a) any other diseases than the currently treated disorder; b) 
jaundicee at hospital admission (bilirubin levels > 40 umol/L); c) fever in the period 
off  two weeks prior to hospital admission, d); any medication at admission to the 
hospitall  (except for paracetamol, pancreatic enzyme supplement or sleep 
medication);; e) irresectability as a peroperative finding; f) clinical instability or 
evidencee of infection on the day of the study (the second post-operative day). 
Al ll  patients gave written informed consent, in accordance with the Helsinki 
Declarationn of Human Rights. The study was approved by the Research Committee 
andd the Medical Ethical Committee of the Academic Medical Center, Amsterdam. 

StudyStudy design 
Onee day prior to surgery, blood was sampled for determination of baseline values of 
cytokines,, acute phase proteins and neutrophil activation markers. During surgical 
intervention,, patients were anesthesized using isoflurane and sufentanyl supplemented 
withh drugs provided to the discretion of the anaesthesiologist Moreover, a high 
thoracicc epidural catheter was inserted through which marcaine was administered. On 
thee first post-operative day, patients were transferred from the recovery room to the 
generall  surgical ward. From 0.00 A.M. at the first postoperative day until 5.00 P.M at 
thee second postoperative day, intravenous infusion fluids were limited to saline. 
Analgeticss were prescribed according to the standard hospital protocol (paracetamol, 
morphinee and/or epidural marcaine). Additionally, all patients received Fraxiparin® 
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(Sanofi,, Maassluis, The Netherlands) and Sandostatin® (Novartis Pharma LtD. 

Bazel,, Swiss). 

Att the second post-operative day, at 6.45 h A.M., a catheter was placed into an 

antecubitall  vein for sampling of venous blood. The catheters were kept patent by 

infusionn of NaCl 0.65% (30 ml/h). Just before rhIFN-Y or saline administration, a 

bloodd sample for baseline values was drawn. At 09.00 A.M. (t=0 h), rhIFN-Y (100 

ug/m2,, Immukine, Boehringer Ingelheim GmbH, Ingelheim/Rhein, Germany) or a 

comparablee volume of saline solution (controls) was injected subcutanously in the 

upperr leg. At 1, 2,4, 6, 8, and 24 hours after injection of rhIFN-Y or saline, blood was 

drawnn for the measurement of leukocytes and differential counts, plasma cytokines, 

leukocytee activation markers, acute phase proteins and coagulation/fibrinolysis 

parameters.. Additionally, at r=48 hours after injection of rhIFN-Y, blood was drawn 

forr determination of plasma cytokine and acute phase protein levels. 

WholeWhole blood cultures 

Wholee blood (aseptically sampled into preheparinized tubes) was diluted 1:5 in 
Iscove'ss Modified Dulbecco's Medium (IMDM ; Boehringer Ingelheim, Alkmaar, 
Thee Netherlands) supplemented with 0.1% (v/v) fetal calf serum (Integra, 
Zaandam,, The Netherlands) and sodium-heparin (Leo Pharmaceutical Products 
B.V.,, Weesp, the Netherlands; final concentration 10 U/ml). Diluted whole blood 
wass cultured in sterile laboratory tubes and stimulated with lipopolysaccharide 
(LPS,, lOug/ml; derived from E.Coli K235, Sigma Chem Corp St.Louis, MO) or 
LPSS (10ng/ml) and phytohemagglutinin (PHA, 2ug/ml; Murex, Dartford, 
England).. Supernatants were harvested after 24 hours of culture and stored at -
80°CC until tested. 

Assays Assays 

Bloodd drawn for determination of plasma parameters was collected in tubes provided 
containigg appropriate additives and centrifuged at 1550 g for 10 minutes at 4 °C. 
Plasmaa was immediately stored in aliquots at -80 °C. All samples were thawed only 
once.. Plasma samples and supernatans were tested in the same run in duplicate. IFN-Y 

wass measured using an in-house sandwich ELISA with a detection limit of 31 pg/ml 
withh monoclonal antibody (mAb) MD2 as capture and biotinylated MD1 as detecting 
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mAbb (18). IL-5 was measured by an in-house ELISA with a detection limit of 2 pg/ml 
withh mAb TRFK-5 as capture and biotinylated anti-human IL-5 derived from Becton 
Dickinsonn (BD; San Jose, CA). IL-6, TNF-ot, C-reactive protein (CRP) and secretory 
phopholipasee A2 (sPLA2) levels were measured using ELISA's (CLB, Amsterdam, 
Thee Netherlands) with detection limits of 2 pg/ml, 2 pg/ml, 2 ng/ml, 2 ng/ml 
respectively.. IL-8, IL-10 and interferon-gamma inducible protein-10 (IP-10) were also 
measuredd by ELISA (Biosource, Etten-Leur, The Netherlands; and R&D Systems, 
Abington,, UK, and Schering-Plough Research Institute, Kenilworth, NJ, respectively) 
withh detection limits of 2 pg/ml, 20 pg/ml and 20 pg/ml resectively. Plasma 
concentrationss of neutrophilic elastase complexed to ocrantitrypsin (further referred to 
ass elastase) and lactoferrin were measured by specific radioimmunoassays (RIA) both 
withh a detection limits of 20 ng/ml (19). Plasma concentrations of neopterin were also 
measuredd by RIA (Hennig, Berlin, Germany). 

Leukocytee counts were determined by flow cytometry (Technicon HI system, 
Techniconn Instruments, Tarrytown, USA). Flow cytometric analysis for 
neutrophilicc expression of FcyRI (CD64, high affinity Fc receptor for IgG), HLA-
DRR expression on monocytes and CD2 and CD 19 expression on lymphocytes (at 
baselinee and 8 and 24 hours post IFN-y), was performed as described previously 
(20).. Cells were stained with mAb anti-CD64-FITC (Medarex, Annandale, NJ, 
USA),, anti-CD2-FITC (BD) anti-CD19-RPE (BD). 

CalculationsCalculations and statistical analysis 

Dataa were analyzed by analysis of variance for randomized block design, and to test 
dataa within groups a Fischer LSD test was used. To test between the two study arms at 
individuall  time points, a paired t-test for two unrelated samples or a Mann-Whitney 
testt was used. A p-value of < 0.05 was considered to represent statistical significance. 
Preoperativee data are derived from patients that finished the total protocol. Data are 
presentedd as median values with 25 and 75 percentiles. 
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Results s 

Preoperativee (defined as the day prior to operation) and baseline (defined as the 

secondd post-operative day, just prior to rhIFN-y or saline administration) levels of 

alll  measured parameters did not differ between the control and intervention study. 

PatientPatient characteristics 

Initially ,, twenty-four patients were included in the study. Postoperatively, ten 
patientss were excluded from the study, because the tumor was irresectable with 
concomitantt deviation of the pylorus-preserving pancreaticoduodenectomy 
procedure.. One other patient was excluded on the second post-operative day before 
IFN-yy or saline was administered, because of cardiac and respiratory instability. 
Thirteenn other patients continued the study on the second postoperative day and 
weree randomly assigned to the placebo or intervention group. Seven patients 
receivedd 100 ng/m2 rhIFN-y subcutaneously, whereas six other patients received a 
similarr volume of isotonic saline. Clinical characteristics of these patients are given 
inn table 1. 

Tablee 1. Patient characteristics 

IFN-gamma IFN-gamma 

placebo placebo 

Sexx age 

(male/female)) (years) 

4/33 63 (57-73) 

4/22 60 (54-68) 

durationn of anaesthesia 

(minutes) ) 

315(298-378) ) 

2855 (260-348) 

Dataa are represented as ratio (sex) or median with 25-75 percentiles 
Theree are no significant differences between the two groups 

ClinicalClinical effects of IFN-y 

Inn both study arms the incidence of clinical symptoms as chills, nausea and 

headachee were not different. In the placebo group there were no changes in 

temperature,, mean arterial blood pressure or pulse rate. IFN-y caused an increase in 

bodyy temperature compared to controls with a maximum level after 8 hours 

(baselinee 36.9 (36.5-37.6) °C, t=8hours 38.3 (37.5-38.3) °C, pO.001 vs. control). 

Arteriall  blood pressure increased significantly during the intervention study from 
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FigureFigure  1 Effect s of 100 ug/m rhlFN^ y on 
plasm aa IL-6, IL-8 and IP-10 (close d circles , n=7) 
versu ss salin e (open circles , n=6) in 
postoperativ ee patients . Values are expresse d as 
percentage ss (median ) relativ e to the value s at 
baselin ee (t=0 hours) , that are level s on the 
secon dd postoperativ e day jus t prio r to rhIFN-y or 
salin ee administration . Absolut e value s are 
provide dd in the result s section . * = p<0.05 vs . 
correspondin gg valu e in placeb o treate d patients . 

1077 (83-117) mmHg at baseline 
too 113 (100-120) mmHg at t=8 
hourss (p<0.05 vs. controls). 
Comparedd to the placebo group, 
theree was a significant relative 
increasee in pulse rate whit a 
maximumm after 6 hours (from 76 
(74-100)) at baseline to 96 (80-
108)) beats per minute at t=6 
hours,, p<0.05). 

CytokinesCytokines and chemokines 

CytokinesCytokines (IFN-y, TNF-

a,a, IL-6, IL-10): Preoperative 

andd baseline levels of IFN-y were 

aroundd the detection limit of 

assayy (31 pg/ml), indicating no 

significantt increase as a 

consequencee of surgery. In the 

interventionn study, IFN-y levels 

increasedd to reach a maximum af-

terr 6 hours [109 (90-127) pg/ml] 

whereass no deviation from base-

linee levels was observed in the 

placeboo group [p < 0.05]. plasma 

levelss at 24 and 48 hours after 

IFN-yy injection were not different 

fromm pretreatment values. 

Plasmaa TNF-oc and IL-10 levels 

didd not change and remained at 

thee lower limit of detection of the 

assayy (2 pg/ml) during the whole 

studyy (preoperative, at baseline 

andd after rhIFN-y/saline). IL-6 
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levelss increased in several patients during the operation, yielding baseline levels of 

722 (49-132) pg/ml versus preoperative level of <2 pg/ml, [p<0.008]. IL-6 levels 

slightlyy decreased after rhIFN-y administration (p<0.05). No differences were 

detectedd between the two study arms (fig. 1). 
ChemokinesChemokines (IL-8, IP-10): Plasma EL-8 levels [baseline 7(6-13) pg/ml 

versuss preoperative 6(5-9) pg/ml, n.s. between groups] did not change during the 
study.. Plasma IP-10 levels [baseline 162(50-214) pg/ml versus preoperative 
250(151-348)) pg/ml, n.s.] in-
creasedd already 2 hours after rh-
IFN-yy administration to reach peak 
valuess at t=6 hours (p<0.05 vs 
control)) (fig. J). 

AcuteAcute phase proteins (CRP and 
sPLA2) ) 

Plasmaa CRP [baseline 335(229-425) 
ng/mll  versus preoperative 4(2-11) 
ng/ml,, pO.0001] and plasma 
sPLA22 [baseline 45(27-128) ng/ml 
versuss preoperative 4(3-5) ng/ml, 
p<0.0001]]  showed a decline during 
bothh studies (p<0.05), whereas no 
differencess between the two study 
armss were detected (fig. 2). 

GranulocyteGranulocyte and monocyte 
activation activation 

Plasmaa elastase [baseline 154(70-

165)) ng/ml versus preoperative 

39(31-56)) ng/ml, p<0.0001] sligh-

tlyy decreased in the rhIFN-y and 

placeboo treated groups, whereas 

noo differences between both study 

armss were detected. From 4 hours 
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FigureFigure  2 Effect s of 100 ug/m 2 rhIFN-y 
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levels ,, that are levelsa t the secon d postoperativ e 
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FigureFigure  3 Effect s of 100 ug/m 2 

rhlFN- yy (close d circles , n=7rhlFN^yo r 
salin ee (open circles , n=6) on plasm a 
elastase ,, lactoferri n and neopteri n in 
postoperativ ee patients . Values are 
expresse dd as per-centage s (median ) 
relativ ee to the value s at baselin e 
(t=0).. Baselin e is define d as the 
secon dd postoperativ e day, jus t prio r 
too rhlFN^ y or salin e administration . 
Absolut ee value s are provide d in the 
result ss  section . * = p<0.05 vs . 
correspondin gg valu e in placeb o 
treate dd patients . 

afterr rhlFN-y administration, 
lactoferrinn levels [baseline 
107(51-190)) ng/ml versus 
preoperative,, 88(59-210) ng/ml, 
N.S.]]  showed a peak (p<0.05 
versuss controls). Neopterin 
levelss [no preoperative data, 
baselinee 9(8-12) nMol/L] were 
nott different between the two 
studyy arms during the first 8 
hourss of observation but showed 
aa significant increase in the 
rhIFN-yy treated patients from 24 
hourss after administration (t=48 
hourss p<0.02 versus control) 
(Fig.(Fig. 3). 
Inn contrast to the soluble markers 

noo change in the number of FcyRT neutrophils [baseline 4.03(1.27-5.43) 109 cells/L 

versuss preoperative 1.14(0.61-

YY or saline administration. 

1.71)) 10y cells/L, p=0.003] was detected after rhlFN-
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FigureFigure  4 Effect s of 24 hour s stimulatio n wit h LPS or LPS+PHA on the ex vivo  IFN^y 
productio nn by whol e blood , taken 24 hour s after 100 ug/m 2 rhIFN-y (close d bars , n=7) or salin e 
(openn bars , n=6) administratio n to postoperativ e patients . Values are expresse d as percentage s 
(median )) relativ e to the value s at baseline . Baselin e is define d as the secon d postoperativ e day, 
jus tt  prio r to rhlFN^ y or salin e administration . Absolut e value s are provide d in the result s section . * 
== p<0.05 vs . correspondin g valu e in placeb o treate d patients . 

ExEx vivo cytokine production of IL-5 and IFN-y 

Supernatantt levels of IL-5 remained below the lower limit of detection of the assay 

(4gp/ml)) in all samples (not shown). IFN-y production was expressed per MO6 

CD27CD19-- lymphocytes and corrected for plasma IFN-y levels. LPS-induced 

IFN-yy production [baseline 0.35 (0.24-0.64) pg/ml] was not significantly modified 

byy rhIFN-y administration, whereas LPS+PHA-induced IFN-y production [baseline 

2.7(1.5-4.2)) pg/ml] increased after rhIFN-y administration (p<0.05 vs controls) (Jig. 

4). 4). 

Discussion n 

Thee present study demonstrates that rhIFN-y administration after surgery only 
mildlyy modifies the postoperative host inflammatory response, compared to 
placeboo treated patients. Except for increases of lactoferrin and IP-10, there were 
noo alterations in plasma acute phase proteins and cytokine and chemokine levels. 
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However,, ex vivo stimulation of PBMC showed a rhIFN-y-induced preferential 

inductionn of Thl cytokine production. Increased plasma neopterin levels pointing 

too activation of monocytes strengthen the observation that rhIFN-y at least partially 

restoress cellular immunity. Thus, the present study demonstrates that rhIFN-y 

inducess a potential beneficial influence on the cellular immune-system without 

detrimentall  inflammatory adverse effects in postoperative patients. 

Althoughh a similar dose of rhIFN-y was administered, lower levels of IFN-y 

weree reached as compared to our previous study in healthy individuals. This may 

bee related to several mechanisms. Possibly, in postoperative patients, an increase in 

IFN-yy clearance and/or increased levels of circulating binding proteins may 

accountt for this observation. Nevertheless, the dosage of 100 ug/m2 was 

biologicallyy active, since rhIFN-y increased both monocyte HLA-DR expression 

levelss (de Metz at al, Chapter 6) and neopterin release. In addition, rhIFN-y 

inducedd a clear effect on plasma IP-10 levels, although the maximum increase was 

lesss marked than the response in healthy subjects (14). Moreover, IFN-y levels in 

thee present study are still in range with those reported in septic shock patients with 

increasedd IFN-y levels (33-630 pg/ml) (13). Therefore, we conclude that a relevant 

dosee of IFN-y was administered. 

Observationss in the present study were not influenced by alterations in 

circulatingg Cortisol levels, since in both study arms there was no change in plasma 

Cortisoll  levels (data not shown). Except for slightly enhanced IP-10 levels, 

preoperativee levels of cytokines and acute phase proteins in the present study were 

comparablee to those found in healthy subjects in our previous study, indicating that 

inn the present study the presence of cancer did not influence these parameters. 

Comparisonn of preoperative values with postoperative baseline values 

demonstratess the inflammatory circumstances under which the present study was 

performed.. Preoperative IL-6 levels were -95% lower as compared to 

postoperativee baseline levels, with comparable differences for the levels of acute 

phasee response proteins CRP and sPLA2. Additionally, the number of FCyRT 

neutrophilicc granulocytes was preoperatively significantly lower as compared to 

baselinee and also elastase levels increased due to surgery. Therefore, an 

inflammatoryy response was ensuing in our patients on the second postoperative 

day. . 
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Thee question arises, why there was no exaggeration of the inflammatory 
responsee to rhIFN-y administration. Presumably, the pro-inflammatory response to 
rhIFN-yy may have been masked by the increased baseline levels of inflammation 
afterr surgery. In healthy volunteers, for example, plasma CRP and IL-6 peak levels 
afterr rhIFN-y were far below the strongly elevated postoperative baseline levels in 
thee present study. So, rhIFN-y did not lead to a measurable additive effect on these 
parameters.. Secondly, major surgery induces a state of immune non-responsiveness 
whichh might have desensitized the inflammatory cascade systems to effects of IFN-
y.. This non-responsiveness is, however, incomplete, since neutrophilic 
granulocytess apparently preserved their responsiveness to rhIFN-y regarding their 
capacityy for degranulation. In the present study rhIFN-y induced the release of 
lactoferrin,, which points at degranulation of specific granules, whereas the effect 
onn elastase levels was not significant. Remarkably, in healthy subjects, a reciprocal 
effectt of rhIFN-y was observed in, that it preferentially induced the release of 
elastase.. We have no explanation for this discrepancy other than that it may point 
too different modes of neutrophilic degranulation in healthy subjects and 
postoperativee patients. 

Ourr data bring forward that an alleged synergistic effect of rhIFN-y with 
otherr cytokines or inflammatory parameters seems implausible under postoperative 
circumstances.. There is a wealth of data describing synergistic effects of IFN-y and 
TNF-aa (21). Although TNF-a is not frequently measurable after surgery, its 
presencee and bioactivity at tissue levels is not precluded (22-24). In the present 
studyy high postoperative circulating levels of IL-6 were measured. Reports on the 
interactionn between IFN-y and DL-6, however, are not unequivocal. Although 
evidencee is growing that IL-6 has anti-inflammatory capacities, also synergistic 
effectss of IL-6 with IFN-y are observed (23-26). However, in the present study, 
theree is no evidence to assume that rhIFN-y induces any relevant synergistic effect 
withh host inflammatory response mediators. 

IP-100 and IL-8 are both CXC chemokines, which can subsequently be 
subdividedd in glutamate-leucine-arginine-(ELR) containing CXC chemokines, 
amongstt which IP-10 and non-ELR CXC chemokines, like IL-8. The first 
preferentiallyy executes chemoattractic properties on lymphocytes, the latter on 
neutrophilss (27). In the present study, IP-10 levels were relatively high at baseline, 
comparedd to levels in healthy subjects, and increased in response to rhIFN-y, 
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whereass IL-8 levels were comparable to those in healthy man and did not respond 

too rhIFN-y. The potent in vivo stimulation of IP-10 release is in agreement with the 

inin vitro situation (27,28). Since the receptor for IP-10 (CXCR3) is predominantly 

expressedd on Thl lymphocytes, IP-10 is thought to be involved in the cellular 

immunee response, when T-cells have to be recruited to the site of inflammation. In 

contrast,, the IL-8 receptors (CXCR1 and CXCR2) are not expressed on T-cells, but 

preferentiallyy on neutrophils. IL-8, produced by a variety of leukocytes, amongst 

whichh monocytes and neutrophils, seems to play a role in the pathophysiology of 

sepsiss (29,30). The role of IFN-y in the induction of IL-8 is controversial (31-34). 

Inn conclusion, postoperative patients preserve their responsiveness to rhIFN-y with 

respectt to the induction of IP-10, whereas it remains unclear which factor 

selectivelyselectively prevented effects on IL-8 release. 

Surgeryy induces a shift in the Thl/Th2 balance towards a Th2 response (5). 

Partt of this shift is evidenced by a decreased ex vivo IFN-y production, which is 

thoughtt to be a relevant factor for the diminished HLA-DR expression after surgery 

(5,35).. Irrespective of the question whether low IFN-y production is responsible for 

loww HLA-DR expression on monocytes, a recent study by Van Sandick et al. 

demonstratedd that preoperative ex vivo IFN-y production was a predictive variable 

forr the development of major postoperative infectious complications and that high 

preoperativee production of IFN-y seemed to be protective for these complications 

(36).. In the present study, administration of rhIFN-y induced a measurable increase 

inn the production of a Thl cytokine. 

Wee conclude, that in postoperative patients, rhIFN-y has no major influences 

onn the host inflammatory response. However, a selective sensitivity to rhIFN-y is 

preserved,, especially on parameters of cellular immunity. In three randomized 

trials,, rhIFN-y administration to severely injured or septic patients did not result in 

definitivee improvement in clinical relevant endpoints (7,37,38). Nevertheless, there 

iss reason to believe that high risk patients might benefit from adjuvant rhIFN-y 

therapyy (39). The present study supports, that potential beneficial effects of rhlFN-

yy on the immune system of postoperative patients can be achieved in the absence of 

severee pro-inflammatory effects. 
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Summary y 

TThee metabolic and immunological responses to tissue injury are only partly 

understood.. Cytokines, which are abundantly released after tissue injury, 

aree thought to play an important role in both the metabolic and 

immunologicall  stress-induced alterations. Previous studies by our group on the 

metabolicc and endocrine effects of TNF-a, IL-6 and IFN-oc in humans revealed 

that,, without exception, these cytokines are potential mediators of the 

hypermetabolicc and endocrine response to stress. These observations, in 

combinationn with additive in vitro and in vivo studies in animals and humans 

performedd in the last decade, support the idea that cytokines in general direct 

metabolismm and the (neuro)endocrine system into an hyperactive state. In this 

respect,, IFN-y is generally thought to be "one amongst many". Therefore, at least 

inn part, a comparable role on the metabolic and endocrine systems is attributed to 

thiss cytokine. Nevertheless, studies on metabolic and endocrine effects of IFN-y in 

humanss in vivo have hardly been performed. This limited information does not 

onlyy hold true for the effects of IFN-y on endocrine and metabolic regulation but 

alsoo for immunological data. In vivo influences of IFN-y on immunological 

parameterss other than monocyte HLA-DR expression and on anti-tumor responses 

havee only incidentally been investigated in humans. 

Thee studies in the present thesis aimed to elucidate the role of IFN-y on metabolic, 

endocrinee and immunological parameters in humans in vivo. Both healthy subjects 

andd postoperative patients have been studied to investigate the role of IFN-y in 

respectivelyy a non-stressed and stressed system to study the effects of the cytokine 

underr physiological circumstances and in a system in which inflammation is 

present. . 

StudyStudy protocols: Chapter 2 -5 concern placebo controlled cross-over studies in 6 

healthyy subjects, receiving 100 ug/m2 rhIFN-y subcutanously and on an other 

occasionn a comparable amount of saline. Chapter 6 -9 concern placebo controlled 

trialss in which 13 patients were randomized into an intervention (rhIFN-y 
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100ug/m22 subcutanously, n=7) and placebo (saline s.c, n=6) arm after a pylorus-
preservingg pancreactico-duodenectomy. 

Inn Chapter 1 the general metabolic, endocrine and immunological alterations as 
observedd during tissue injury are discussed, with an emphasis on the role of the 
relevantt cytokines and a particular focus on interferon-gamma. 
Inn Chapter 2 we evaluated whether IFN-y is involved in the interaction between the 
immunee and endocrine systems in vivo. As expected, HLA-DR expression on 
monocytess and serum neopterin clearly increased after administration of IFN-y. 
Moreover,, EFN-y only increased plasma IL-6 levels but had no effect on other 
cytokines.. IFN-y induced an increase in plasma concentrations of ACTH and 
Cortisoll  and did not alter concentrations of GH, (norepinephrine, insulin, C-
peptide,, glucagon or IGF-1. Moreover, IFN-y induced an increase in REE but did 
nott alter plasma concentrations of glucose and FFA nor Ra glucose. We therefore 
concludee that in healthy subjects IFN-y is a minor stimulator of the endocrine and 
metabolicc pathways, which is in contrast to other cytokines studied in a comparable 
setting.. Therefore IFN-y, by itself, is probably not a major mediator in the interaction 
betweenn the immune and the endocrine and metabolic system in healthy humans. 
Cytokines,, such as TNF-a, IL-2, IL-6 and IFN-oc, alter human thyroid hormone 
metabolismm and may be involved in the pathogenesis of the euthyroid sick 
syndrome.. Experimental data suggest that IFN-y could be another cytokine, that 
mightt influence thyroid hormone metabolism. In Chapter 3 we evaluated, whether 
IFN-yy can be involved in the pathogenesis of the alterations in thyroid hormone 
metabolismm in healthy humans. IFN-y, however, did not induce effects on any of 
thee measured thyroid hormone and TSH plasma concentrations. Our data do not 
supportt a role of IFN-y in the pathogenesis of the euthyroid sick syndrome in 
humans,, as could be deduced from in vitro and in vivo animal studies. 
Manyy possible effects of IFN-y on immunological parameters in humans in vivo 
havee not been delineated, although IFN-y is generally considered a key cytokine in 
thee immune system. In Chapter 4 we evaluated the influence of IFN-y on leukocyte 
dynamics,, with a focus on naive and memory T-cells. Additionally, we studied the 
expressionn of adhesion molecules on T-lymphocytess after in vitro incubation of whole 
bloodd with rhIFN-y. IFN-y induced a significant depletion in the number of T-
lymphocytes,, which was more severe in the CD8+ than in the CD4+ T-cell subset. 
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Thee numbers of naive CD4+ T-cells and memory CD4+ T-cells were equally 

affected,, whereas within the CD8+ T-cell subset memory/effector cells disappeared 

preferentiallyy from the peripheral blood compartment as compared to naive cells. 

Inn addition, IFN-y induced a decrease in B-cells, NK-cells and monocytes. After an 

initiall  increase, granulocyte counts decreased significantly as compared to controls. 

Thesee effects appeared not to be due to the minimal rise in plasma Cortisol levels. 

Inn vitro, IFN-y did not upregulate the expression of CD 11 a, NKI-L16, CD l ib , 

LFA-33 or VLA-4. We conclude that the administration of a single dose of IFN-y to 

healthyy subjects profoundly affects the numbers of several leukocyte subsets in the 

peripherall  blood compartment, without demonstrable effects on adhesion 

moleculess on T-cells. 

Cytokiness are involved in the pathogenesis of sepsis. Clinical data and studies in 

animalss suggest that IFN-y is another mediator in the host inflammatory response, 

whichh could be of importance in the pathophysiology of sepsis. In Chapter 5 we 

evaluatedd in healthy humans the role of IFN-y on the human inflammatory 

response.. IFN-y increased plasma levels of IL-6, IL-8 and IP-10, but did not affect 

plasmaa levels of IL-2, IL-4, IL-10, TNF-ot, IL-12p40/p70. Plasma concentrations 

off  the acute phase proteins CRP and sPLA2 and of the leukocyte activation marker 

elastasee increased after IFN-y administration, whereas no effect was measured on 

plasmaa lactoferrin levels. Moreover, IFN-y increased the percentage of high 

affinityy Fey- receptor (FcyRI) positive neutrophils, but did not affect the MFI of 

FcyRII  on neutrophils. There was a modest procoagulant and profibrinolytic effect 

off  IFN-y, as evidenced by increased plasma levels of prothrombin fragment F1+F2, 

tissue-plasminogenn activator and plasmin-alpha2-anti-plasmin complexes. We 

conclude,, that IFN-y selectively affects host inflammatory mediators in healthy 

humans. . 

Tissuee injury is associated with decreased cellular immunity and enhanced 

metabolism.. The suppressed cellular immunity can possibly be counteracted by 

IFN-yIFN-y administration, since IFN-y is a well known upregulator of HLA-DR 

expression.. The catabolic response, however, could be enhanced after IFN-y 

administrationn since inflammatory cytokines are thought to play an important role 

inn the pathophysiology of the metabolic response to stress, either on their own or in 

combinationn with other cytokines. In healthy volunteers, IFN-y did not induce a 

hypermetabolicc state, as described in chapter 2. However, this observation did not 

178 8 



SummarySummary and general discussion 

excludee that IFN-y could have a different effect under inflammatory circumstances. 
Inn Chapter 6 we evaluated, whether rhIFN-Y would lack harmful metabolic side 
effectss while maintaining its beneficial effects on the immune system under 
conditionss in which the host inflammatory response system is activated. In 
postoperativee patients HLA-DR expression on monocytes was restored 24 hours 
afterr IFN-y administration but remained low in the placebo treated patients. IFN-y 
inducedd an initial decrease in hepatic glucose production without effects on plasma 
glucosee levels and an increase in lipolysis with slightly elevated plasma FFA 
levels.. IFN-y increased plasma norepinephrine levels without effects on plasma 
concentrationss of Cortisol, ACTH, growth hormone, insulin, c-peptide, glucagon 
andd epinephrine. We conclude, that IFN-y exerts a favorable effect on cell-
mediatedd immunity in patients after major surgery without considerable clinical, 
metabolicc or endocrine side effects. 
Whereass in vitro studies and in vivo studies in animals indicate that IFN-y is a 
possiblee modulator of thyroid hormone metabolism and suggest that IFN-y might 
alsoo be involved in the pathophysiology of the euthyroid sick syndrome, we could 
nott demonstrate an effect of IFN-y in healthy subjects on thyroid hormone and 
TSHH concentrations. Subsequently, we questioned whether IFN-y affects thyroid 
hormonee indices under circumstances in which an inflammatory reaction and the 
euthyroidd sick syndrome are present. In several biological systems, amongst which 
thee hypothalamic-pituitary-thyroidal-axis, synergistic interaction between different 
componentss of the inflammatory and endocrine systems are known to play a 
modulatoryy role. Surgery is one of many circumstances under which the euthyroid 
sickk syndrome and an host inflammatory response are observed. In Chapter 7 we 
studiedd the short-term effects of IFN-y administration in post-operative patients. 
IFN-yy did not influence short term thyroid hormone metabolism. We conclude, that 
IFN-yy does not appear to be involved in the changes in thyroid hormone 
metabolismm in patients with non-thyroidal illness. 

Traumaticc events such as major operative procedures change physiological T-cell 
responses.. Depressed immune functions after surgery are presumed to render 
patientss more susceptible to pathogens. IFN-y has multiple immunostimulatory 
properties.. Several studies have been performed to assess the effects of IFN-y 
treatmentt in patients in need of increased immune reactivity. Until now, the effect 
off  IFN-y on human antigen specific CD4+ T cell reactivity after surgically induced 
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immunosuppressionn has not been reported. In Chapter 8 we assessed the effect of 

IFN-yy on human antigen specific CD4+ T-cell reactivity by antigen induced 

cytokinee production, intracellular cytokine staining and flow cytometry. We 

observedd that a single dose of IFNy rescued downmodulation of antigen specific 

CD4++ T-cell reactivity, concomitant with an upregulation of TCR-ligands on 

antigenn presenting cells. Therefore, we conclude that IFN-y administration to 

postoperativee patients may be of benefit due to its immunostimulatory properties. 

Administrationn of the Thl cytokine IFN-y restores the expression of HLA-DR on 

monocytess in septic or severely injured patients. On the other hand, cytokines, and 

possiblyy IFN-y, could account for serious derangements as seen during sepsis. In 

Chapterr 9 we studied the role of IFN-y on the host inflammatory response in a 

systemm in which inflammation is already ongoing. IFN-y induced an increase in 

IFN-yIFN-y production in stimulated whole blood. IFN-y induced an increase in 

lactoferrinn levels in blood but did not affect plasma sPLA2 and acute phase protein 

levelss in plasma. Also cytokine levels were not affected by IFN-y. The chemokine 

IP-100 increased after IFN-y, whereas no effect was measured on plasma IL-8. We 

conclude,, that in postoperative patients, IFN-y has no major influences on the host 

inflammatoryy response although a modest effect on parameters of cellular 

immunityy was measurable. This study demonstrates that the potential beneficial 

effectss of IFN-y on the immune system of patients with major tissue injury can be 

achievedd without important effects on the acute phase response. 
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Generall  discussion 

MetabolismMetabolism and Endocrinology 
IFN-yy is produced not merely by a solid organ, but by cells present throughout the 
entiree body. Although IFN-y is predominantly produced by dedicated cells - T-
cellss and NK-cells-, the effects of IFN-y can occur in many cell-types and organs, 
becausee the expression of IFN-y receptors is ubiquitous. In the studies of the 
presentt thesis we studied the effects of IFN-y after subcutaneous injection. This 
inducedd increases in the plasma level of IFN-y and consequently in blood-borne 
deliveryy of IFN-y throughout the body. Influences of cytokines are not limited to 
auto-- or paracrine effects but are also present at systemic levels. Therefore, the 
designn of our studies was aimed at delineating the systemic effects of IFN-y, rather 
thann at elucidating para- or autocrine effects. 

Wee studied the effects of IFN-y in healthy subjects and in patients after a 
standardizedd surgical procedure, as a model for activated inflammatory response. 
Thiss way, we studied the effects of IFN-y in a non-activated and activated system, 
ass the possibility exist that these effects could be different when inflammation with 
concomitantt increased release of mediators like cytokines and hormones is present. 
Thee studies were aimed at two specific areas: the effects of IFN-y on metabolic and 
neuroendocrinee regulation and the effects of IFN-y on specific and nonspecific 
immunologicall  regulation. 

(Neuro)(Neuro) endocrine and metabolic regulation 
Hormoness are chemical mediators that are produced by specialized cells and 
secretedd directly into the bloodstream to act on distant target cells. Regarding 
metabolicc and (neuro) endocrine parameters, we actually studied whether IFN-y 
actss as a hormone. This is supported by the molecular biology of IFN-y action. 
Likee hormones such as erytropoietin, growth hormone and leptin, and other 
cytokines,, IFN-y acts through a receptor belonging to the superfamily of cytokine 
receptorss with similar signal-transduction pathways, the JAK/STAT pathway. 
Furthermore,, the IFN-y receptor is ubiquitously expressed on all nucleated cells. 
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So,, from a molecular perspective, IFN-y can not be discriminated from classical 

hormoness and, in addition, effects of circulating IFN-y could theoretically act on all 

IFN-y-exposedd regulatory systems. Indeed, in vitro studies report on effects of IFN-

yy on a wide range of cells associated with metabolic and endocrine pathways. For 

example,, in vitro IFN-y has distinct effects on human thyrocytes. 

InIn vivo in humans, however, we demonstrate that in a non-activated system, 

IFN-yIFN-y stands practically loose from the endocrine system, since it lacks distinct 

influencess on hormonal regulatory pathways. So, the observation that a molecule 

usingg the same receptor pathway as several other cytokines and hormones, that acts 

onn receptors that are expressed on virtually all cells and that induced several 

influencess on hormone-related cells in vitro, does not act on hormonal pathways in 

vivo,, is rather fascinating. Moreover, this is in disagreement with the effects of 

anotherr interferon, IFN-a, that acts through a similar JAK-STAT activating 

receptorr and induces major metabolic and neuro-endocrine effects in healthy 

humans.. The molecular dissection of the signal-transduction pathways of IFN-a 

andd IFN-y does not permit an explanation between the discrepant effects of these 

twoo interferons. 

However,, surprisingly, when studied in an activated human system in vivo, 

wee could measure a modest effect of IFN-y on lipolysis and a decrease in glucose 

turnoverr that was absent in healthy humans. The latter is an unique feature that has 

neverr been reported for a cytokine in humans in vivo. So, certain metabolic effects 

ofof IFN-y are presumably dependent on the combination with an inflammatory state. 

Thee finding that IFN-y is not Just Another Cytokine (JAC) is illustrated by 

thee comparison of the IFN-y studies with TNF-a, IL-6 and IFN-a regarding their 

metabolicc and neuro-endocrine effects. As depicted in table I, the dosage and peak 

plasmaa concentrations in the present studies are within range of those in the TNF-

a,, IL-6 and IFN-a studies. So, in comparison with TNF-a, IL-6 and IFN-a, the 

lackk of effects of IFN-y on endocrine and metabolic regulation is not due to the 

administrationn of low amounts of IFN-y. Rather, there is a fundamental difference 

withh respect to the effects of IFN-y on metabolic and (neuro)endocrine regulation 

inn comparison with these other cytokines. Furthermore, IFN-y, which is generally 

consideredd to be a pro-inflammatory cytokine, does not resemble to the prototype 

pro-inflammatoryy cytokine TNF-a, which induced a profound hypermetabolic 
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Tablee I. Effects of cytokines 

cytokine e 

testedtested in 

DosageDosage (nmol/m ) *I 
peakpeak level (10'2 pmoVL) 

inin  humans 

IFN- v v 

healthy healthy 
subjects subjects 

6.11 s.c. 
31 1 

IFN- v v 

postopera-postopera-
tivetive patients 

6.11 s.c. 
6.2 2 

TNF- a a 

healthy healthy 
subjects subjects 

2.88 i.v.b. 

IL- 6 6 

cancer cancer 
patients patients 

3.88 i.v.i. 

2.8 8 

IFN- a a 

healthy healthy 
subjects subjects 

1.33 s.c. 
6.2 2 

Endocrine effects Endocrine effects 

Thyroidd hormones, acute 

ACTH/Cortisol l 

Catecholamines s 
Insulin/glucagon n 

MetabolicMetabolic effects 
Restingg energy expenditure 

Glucosee production 
Glucosee uptake 

Lipolysis s 

CytokinesCytokines and chemokines 

TNF-a a 

IL-6 6 
IL-10 0 

f t t 

t t t 

f t t 

t t t 

t t t 
t t t 
— — 

t t t 
t t t 
— — 

t t t 
t t 
t t 

t t t t t t 

1 1 

t t 

t t 
* * 
t t t 

t t 
t t 
t t t 

t t 
t t 

t t t 

IL-88 t 
IP-100 11 

HostHost inflammatory response 

CRPP t 

sPLA22 t 

Elastasee — 

Lactoferrinn I 

Neopterinn * 

Leukocytes Leukocytes 

Neutrophill  FcyR t 

Monocytee HLA-DR t 

CD4:: % naive — 
CD4:: % memory — 

CD8:: % naive t 
CD8:: % memory/effector

CoagulationCoagulation t 
FibrinoloysisFibrinoloysis t 

t t 

— — 

t t 

t t 

tt t 

t t 

t t t 

tt t 
tt t 
t t 

t t t 
tt t 

t t 

t t 

t t 
t t 
t t 

t t t 
t t t 

**  1 ; all dosages have been calculated for a body surface of 2 square meters 
s.cc = subcutanous; i.v.b.= intravenous bolus; i.v.i. = intravenous infusion 
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state.. A comparable hypermetabolic response was observed after IL-6 
administration,, whereas IL-6 is considered to be an anti-inflammatory cytokine. 
Therefore,, from a metabolic/endocrine perspective, categorization of cytokines into 

pro-andpro-and contra-inflammatory cytokines is of no use. 

Immunology Immunology 

Thee immunomodulatory properties of IFN-y studied in this thesis manly concern 

effectss on cellular immunity. An IFN-y-induced increase in granulocytes FcyRI 

expressionn and monocytes HLA-DR expression in vivo had already been reported 

previously.. The specific effects on T-cell dynamics as studied in chapter 4 and 8, 

providee new insights in leukocyte traffic. Although direct effects of IFN-y on 

leukocytee and endothelial cell adhesion molecules could not be excluded, a role for 

IFN-y-inducedd chemokines seems plausible in this respect. As presented in chapter 

55 and 9, IFN-y induced an early release of IP-10, which was paralleled in time by 

thee rapid decrease of lymphocytes as described in chapter 4. The release of other 

chemokiness and their role in the subset specific migration of lymphocytes and 

otherr leukocytes, should therefore be considered. IP-10 attracts preferentially 

activatedd T-cells, expressing the CXCR3 chemokine receptor. This could explain 

thee predominant reduction of T-cells in the memory/effector subset. Remarkably, 

inn healthy subjects IFN-y administration mainly spared the disappearance of CD8+ 

naivee cells whereas no effect on their CD4+ counterparts was measured. In 

postoperativee patients a preferential depletion of memory CD4+ T-cells was 

observed.. This difference between healthy subjects and patients is not understood. 

Naivee cells preferentially recirculate through secondary lymphoid tissues, whereas 

memoryy and effector cells also circulate through extralymphoid effector sites. The 

rolee of IFN-y in this respect is of considerable importance. During acute 

symptomaticc human immunodeficiency virus infections in humans, a marked 

depletionn of both CD4+ and CD8+ T-lymphocytes from the blood occurs. The 

depletionn and reappearance of cells correspond precisely with IFN-y and TNF-a 

levels.. As in our healthy subject studies, the effect of IFN-y on lymphocyte 

recirculationn occurred in postoperative patients although these patients already 

displayedd a considerable lymphocytopenia. Whereas memory cells in the CD4+ 
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subsett preferentially disappeared, we could demonstrate that IFN-y administration 

seemedd to decrease the activation threshold of the resting CD4+ population and 

rescuedd downmodulation of antigen specific CD4+ T-cell reactivity. So next to a 

commonlyy accepted non-functional measure of cellular immunity -monocyte HLA-

DRR expression- we now demonstrated with afunctional measure that IFN-y may 

increasee cellular immunity in immunocompromised patients. In addition, we 

demonstratedd that IFN-y stimulates its own production in ex vivo stimulated whole 

blood,, again pointing at stimulation of cellular immunity. 

FinalFinal consideration 
Inn conclusion, we demonstrate in the present thesis that from a metabolic and 

endocrinee perspective, IFN-y is not a JAC, since this cytokine distinctly differs 

fromfrom TNF-ot, IL-6 and IFN-a in humans in vivo. Furthermore, we postulate that 

fromfrom a metabolic/endocrine perspective, categorization of cytokines into pro-and 

contra-inflammatoryy cytokines is irrelevant. In addition, the modest effects of IFN-

yy on metabolic and endocrine parameters as measured in the present thesis, are 

dependentt from the system in which IFN-y is introduced. Differences between two 

systemss are also manifest on immunological parameters, since IFN-y influences 

leukocytee dynamics with specific effects on lymphocyte subsets with different 

effectss in a non-activated versus an activated system. Moreover, IFN-y has 

selectivee influences on the inflammatory response in healthy humans, whereas 

IFN-yy seems not to aggravate the inflammatory state in postoperative patients. 

Finally,Finally, in postoperative patients IFN-y seems to enhance antigen specific cellular 

immunity.. Thus, since IFN-y administration to postoperative patients enhanced 

antigenn specific T-ceil immunity without negative clinically important adverse 

effectss on metabolic, endocrine and inflammatory parameters, we conclude that in 

aa well-selected population of immunocompromized patients, IFN-y may have a 

potentiall  beneficial role in the prevention of infectious complications. 
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Samenvatting g 

WWeefselschade,, zoals veroorzaakt door sepsis, trauma of chirurgie, heeft 

eenn hypermetabole toestand tot gevolg en onderdrukt tevens de 

cellulairee immuniteit. Van beide processen wordt de pathofysiologie 

slechtss ten dele begrepen. Cytokinen zijn mediatoren die in overvloed vrijkomen na 

weefselschadee (ofwel "stress") en een belangrijke rol lijken te spelen in het 

ontstaann van bovengenoemde metabole en immunologische afwijkingen. 

Voorgaandee studies door onze groep waarin TNF-oc, IL-6 en IFN-cx werden 

toegediendd aan mensen, toonden aan dat deze cytokinen zonder uitzondering een 

aandeell  kunnen hebben in de metabole en endocriene effecten van "stress". Deze 

waarnemingen,, gecombineerd met aanvullende in vitro en in vivo studies bij dieren 

enn mensen in de afgelopen tien jaar, versterken het idee dat cytokinen, in het 

algemeen,, van belang zijn in het ontstaan van een hyperactief metabool en 

endocrienn systeem door stress. In dit kader lijk t ook IFN-y, waarvan wordt 

aangenomenn dat het zich gedraagt als de vele andere cytokinen, een rol te 

vervullen.. Desalniettemin zijn studies naar endocriene en metabole effecten van 

IFN-yy bij mensen vrijwel niet verricht. Echter, schaarste aangaande in vivo 

gegevenss over IFN-y bij mensen is niet beperkt tot parameters van het endocriene 

enn metabole systeem. In vivo gegevens over andere immunologische parameters 

dann HLA-DR expressie op monocyten en vermeende anti-tumor effecten van IFN-y 

bijj  mensen zijn eveneens niet wijd verspreid. 

Dee studies die gepresenteerd worden in dit proefschrift zijn opgezet om de rol van 

IFN-yy op de metabole, endocriene en immunologische systemen van de mens te 

belichten.. Zowel gezonde mensen als postoperatieve patiënten zijn bestudeerd, om 

opp die wijze de rol van IFN-y te onderzoeken in een gezond en gestresst systeem, 

duss onder fysiologische omstandigheden en tijdens de aanwezigheid van 

inflammatie. . 

Studiee opzet: Hoofdstuk 2 - 5 betreffen placebo-gecontroleerde cross-over 

studiess waarin 6 gezonde vrijwilligers 100 \ig/m2 rhIFN-y subcutaan kregen 
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toegediendd en, op een andere dag, een vergelijkbare hoeveelheid fysiologisch zout. 
Inn hoofdstuk 6 -9 worden studies beschreven die zijn verricht bij 13 patiënten, die 
naa een operatie waarbij een deel van de alvleesklier en de twaalfvingerige darm 
wordenn verwijderd met behoud van de maagportierspier, werden gerandomiseerd 
naarr een interventie-groep (100 |xg/m2 rh IFN-y s.c, n=7) of placebo-groep (zout 
water,, n=6). 

Inn Hoofdstuk 1 wordt een overzicht gegeven van de metabole, endocrine en 
immunologischee veranderingen die optreden als gevolg van weefselschade, waarbij 
dee nadruk licht op de rol van cytokinen daarin, en uiteindelijk wordt toegespitst op 
IFN-y.. Cytokinen immers, blijken belangrijke mediatoren te zijn in de metabole, 
endocrienee en immunologische reactie op stress. Het cytokine IFN-y wordt sterkt 
geassocieerdd met effecten op het immuunsysteem, terwijl kennis aangaande 
effectenn van IFN-y op de glucose en vet stofwisseling en de hormoonhuishouding 
vrijwell  afwezig is. 
Inn hoofdstuk 2 bestudeerden wij of IFN-y een rol speelt als mediator tussen het 
immuun-- en endocriene systeem in vivo. Zoals verwacht, verhoogde IFN-y de 
expressiee van HLA-DR op monocyten en de serum neopterine spiegels. Daarnaast 
leiddee IFN-y tot stijgende IL-6 spiegels zonder effecten op andere cytokinen in 
plasma.. IFN-y had geen effecten op de gluco-regulatoire hormonen in plasma, 
behalvee op de spiegels van ACTH en Cortisol, die beiden stegen na LFN-y. Tevens 
steegg na IFN-y het rust energie gebruik licht, maar werd geen effect van EFN-y 
gemetenn op de glucose en vet huishouding. Wij concluderen daarom dat in gezonde 
mensenn IFN-y slecht minimale effecten induceert op de parameters van het 
metabole/endocrinee systeem, hetgeen in tegenstelling is tot effecten van andere 
cytokinenn op dezelfde parameters. Het lijkt er daarom op dat IFN-y geen 
belangrijkee mediator is in de interactie tussen het metabole en endocriene systeem 
vann gezonde mensen. 

Cytokinenn zoals TNF-oc, IL-2, IL-6 en IFN-a veranderen het humane 
schildkliermetabolismee op zodanige wijze dat er een overeenkomst ontstaat met de 
toestandd die euthyroid sick syndroom wordt genoemd. In vitro en in vivo 
onderzoekk bij dieren suggereert dat IFN-y eveneens een cytokine is dat effecten 
zouu kunnen hebben op het schildkliermetabolisme. In Hoofdstuk 3 bestudeerden 
wijj  bij gezonde vrijwilligers of IFN-y een rol speelt in de pathogenese van het 
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humanee euthyroid sick syndroom. IFN-y toediening, echter, leidde niet tot 

veranderingenn in schildklierhormoon en TSH concentraties in plasma. Daarom 

concluderenn wij dat IFN-y op de korte termijn geen veranderingen op het 

schildklierhormoonn metabolisme induceert. Het is derhalve onaannemelijk dat 

IFN-yy een rol zou spelen in de pathogenese van het euthyroid sick syndroom. 

Velee mogelijke immunologische effecten van IFN-y zijn nooit in vivo bij de mens 

bestudeerd,, alhoewel wordt aangenomen dat IFN-y een sleutel-cytokine is in de 

regulatiee van het immuunsysteem. In hoofdstuk 4 bestudeerden wij de invloed van 

IFN-yy op leukocyten dynamiek, waarbij we ons toespitsten op naïeve en 

memory/effectorr cellen. Tevens bestudeerden wij de expressie van 

adhesiemoleculenn op T-lymfocyten na in vitro incubatie van bloed met rhIFN-y. 

IFN-yy veroorzaakte bij gezonde vrijwilligers het verdwijnen van T-lymfocyten uit 

dee perifere circulatie, met een sterker effect op de CD8+ dan in de CD4+ 

subpopulatie.. De ratio tussen memory en naïeve CD4+ T-lymfocyten veranderde 

niet,, terwijl in de CD8+ populatie de memory/effector cellen preferentieel 

verdwenen.. Tevens veroorzaakte IFN-y het verdwijnen van B-lymfocyten, NK-

cellenn en monocyten. Na een initiële stijging verdwenen ook de granulocyten uit 

hett perifere bloed. Deze effecten lijken niet het gevolg te zijn van de minimale 

stijgingg van Cortisol in het bloed. In vitro kon geen opregulatie van de 

adhesiemoleculenn CDlla, NKI-L16, CDllb, LFA-3 of VLA- 4 worden 

aangetoond.. Wij concluderen dat een enkele dosis IFN-y sterke effecten induceert 

opp de leukocyten subpopulaties in het perifere bloed. 

Cytokinenn zijn betrokken in de pathogenese van sepsis. Een rol voor IFN-y hierin 

wordtt door verschillende studies in mensen en dieren gesuggereerd. In Hoofdstuk 5 

bestudeerdenn wij in gezonde vrijwilligers de effecten van IFN-y op de humane 

inflammatoiree respons. IFN-y leidde tot een stijging in plasma IL-6, IL-8 en IP-10 

spiegels,, maar had geen effect op IL-2, IL-4, IL-10, TNF-a en IL-12p40/p70 

spiegelss in bloed. Plasma spiegels van de acute fase eiwitten CRP en sPLA2 en van 

dee leukocyten activatie marker elastase stegen na IFN-y, terwijl er geen effect was 

vann IFN-y op plasma lactoferrine spiegels. Tevens steeg de expressie van FcyRI op 

granulocyten.. Verder had IFN-y een bescheiden procoagulatoir en profibrinolytisch 

effect,, zoals afgeleid uit stijgende waarden in bloed van prothrombine fragment 

F1+F2,, tissue plasminogeen activator en plasm-alpha2-anti-plasmin complexen. 
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Wijj  concluderen dat IFN-y slechts selectief de inflammatoire respons mediatoren in 

dee mens beïnvloedt. 

Weefsel-schadee wordt geassocieerd met een afname van de cellulaire immuniteit 

enn hypermetabolisme. De onderdrukking van de cellulaire immuniteit kan mogelijk 

wordenn tegengegaan door IFN-y toe te dienen, aangezien IFN-y de expressie van 

HLA-DRR op monocyten opreguleert. De katabole respons op weefselschade echter, 

zouu mogelijk verergerd kunnen worden door IFN-y, daar inflammatoire cytokinen 

eenn rol worden toegedicht in de metabole respons op weefselschade. Zoals in 

hoofdstukk 2 beschreven, lijk t EFN-y echter geen belangrijke rol te spelen bij 

gezondee mensen. Echter, deze observatie sluit niet uit dat IFN-y mogelijk wel een 

effectt induceert onder inflammatoire omstandigheden. In hoofdstuk 6 evalueerden 

wijj  of IFN-y schadelijke hypermetabole effecten ontbeert, maar de gunstige 

effectenn op het immuunsyteem behoudt onder inflammatoire omstandigheden. In 

postoperatievee patiënten werd door IFN-y de monocyten HLA-DR expressie 

teruggebrachtt naar preoperative waarden, terwijl deze laag bleef bij placebo-

behandeldee patiënten. IFN-y veroorzaakte een initiële verlaging van de 

glucoseproductiee zonder effecten op plasma glucosespiegels en verhoogde de 

lipolysee en FFA waarden in plasma. IFN-y deed de noradrenaline spiegels stijgen 

zonderr effecten op plasma Cortisol, ACTH, GH, insuline, c-peptide, glucagon en 

adrenalinee spiegels. Wij concluderen daarom dat IFN-y een gunstig effect heeft op 

dee cellulair-gemedieerde immuniteit bij patiënten na een zware operatie zonder 

aanmerkelijkee klinisch belangrijke metabole of endocriene bijwerkingen. 

Waarr in vitro studies en in vivo studies bij dieren een rol suggereren voor IFN-y in 

hett sturen van schildkliermetabolisme en IFN-y aanwijzen als een mediator in de 

pathogenesee van het euthyroid sick syndrome, konden wij in gezonde vrijwilliger s 

geenn effecten van IFN-y aantonen op schildklierhormoon en TSH concentraties. 

Vervolgenss vroegen wij ons af of IFN-y thyroid hormone indices beïnvloedt onder 

omstandighedenn waarin inflammatie en het euthyroid sick syndrome een rol spelen, 

Inn verscheidene biologische systemen immers, waaronder de HPT-as, spelen 

synergismee tussen de verschillende componenten van het imflammatoire en 

endocrienee systeem een rol. Chirurgie schept een toestand waarin het euthyroid 

sickk syndrome en inflammatie aanwezig zijn. In hoofdstuk 7 bestudeerden wij de 

kortee termijn effecten van IFN-y op schildklier metabolisme. IFN-y beïnvloedde 

geenn der gemeten schildklierhormoon parameters. Daarom concluderen wij dat 
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IFN-yIFN-y niet betrokken is bij het ontstaan van de veranderingen op het gebied van 

schildklierhormoonn metabolisme bij patiënten met door ziekte veranderde 

schildklierhormoonn waarden. 

Trauma,, veroorzaakt door bijvoorbeeld grote chirurgische ingrepen, verandert de 

fysiologischee T-cel respons. Men veronderstelt dat een onderdrukte functionaliteit 

vann het immuunsysteem na chirurgie, patiënten vatbaar maakt voor pathogenen. 

IFN-yIFN-y heeft vele immuno-stimulatoire capaciteiten. Verscheidene studies zijn 

uitgevoerdd om de het effect van IFN-y te bestuderen bij patiënten die baat blijken te 

hebbenn bij een verbeterde immuniteit. Echter, het effect van IFN-y op de in vivo 

reactiviteitt van CD4+ T-cellen in chirurgische patiënten is nooit bestudeerd. In 

hoofdstukk 8 bestuderen wij het effect van IFN-y op de humane antigeen specifieke 

CD4++ T-cel reactiviteit door antigeen geïnduceerde cytokine productie, 

intracellulairee cytokine kleuring en flow cytometrie. IFN-y voorkwam het 

downmodulerenn van de reactiviteit van antigeen specifieke CD4+ T-cellen, 

vergezeldd door het opreguleren van TCR-ligand op antigeen presenterende cellen. 

Wijj  concluderen dat IFN-y toediening aan postoperatieve patiënten mogelijk een 

heilzaamm effect heeft als gevolg van de immunostimulatoire eigenschappen. 

Toedieningg van het Thl cytokine IFN-y restaureert de expressie van HL A-DR op 

monocytenn in septische patiënten en patiënten met ernstig trauma. Aan de andere 

kantt kunnen cytokinen, waaronder IFN-y, verantwoordelijk zijn voor de 

ontsporingenn van verschillende systemen die gezien worden tijdens sepsis. In 

hoofdstukk 9 bestudeerden wij de rol van IFN-y op de inflammatoire response op 

IFN-yy in een systeem waarin inflammatie reeds een rol speelt. IFN-y veroorzaakte 

eenn stijging van de IFN-y productie in gestimuleerd volbloed. IFN-y deed de 

plasmaspiegell  van lactoferrine stijgen in bloed maar had geen effect op sPLA2 en 

acutee fase eiwitten in plasma. Tevens werden cytokine spiegels niet veranderd door 

IFN-y.. Het chemokine IP-10 steeg wel als gevolg van IFN-y, terwijl er geen effect 

werdd gemeten op IL-8 spiegels. Wij concluderen dat in postoperatieve patiënten 

IFN-yy geen grote effecten heeft op de inflammatoire respons terwijl er wel een 

bescheidenn effect op de cellulaire immuniteit gemeten kan worden. Deze studie 

geeftt daarom aan dat een potentieel heilzaam effect van IFN-y op het 

immuunsysteemm van patiënten met ernstige weefselschade bereikt kan worden 

zonderr grote effecten op de acute fase response. 
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Algemenee discussie 

IFN-yy wordt niet geproduceerd door een enkel orgaan systeem maar door cellen die 

verspreidd zijn door het gehele lichaam. Alhoewel deze IFN-y producerende cellen 

deell  uit maken van een specifieke groep, met name T-cellen en NK-cellen, heeft 

IFN-yy effecten op meerdere celtypen en organen, daar de expressie van IFN-y 

receptorenn alomtegenwoordig is. In de studies die worden gepresenteerd in dit 

proefschriftt bestudeerden wij de effecten van IFN-y na subcutane toediening. 

Dientengevolgee steeg de IFN-y spiegel in het bloed en kon vervolgens via het bloed 

IFN-yy afgegeven worden door het gehele lichaam. Invloeden van cytokinen 

strekkenn van auto- en paracrien tot systemisch. In het huidige proefschrift is de 

opzett van de studies er met name op gericht de systemische effecten van IFN-y te 

bestuderen. . 

Dee effecten van IFN-y werden bestudeerd na het toedienen ervan aan 

gezondee vrijwilligers en aan postoperatieve patiënten, als model voor een 

inflammatoirr respons. Op deze wijze bestudeerden wij de effecten van IFN-y in een 

niet-geactiveerdd systeem en in een geactiveerd systeem, daar de mogelijkheid 

bestaatt dat de effecten verschillen wanneer inflammatie aanwezig is, gepaard 

gaandee met het aanwezig zijn van allerhande mediatoren zoals hormonen en 

cytokinen.. De studies werden gericht op twee specifieke gebieden: de effecten van 

IFN-yy op de metabole en endocriene regulatie en de effecten van IFN-y op de 

specifiekee en niet-specifieke immuun-regulatie. 

{Neuro){Neuro) endocriene en metabole regulatie 
Hormonenn zijn chemische mediatoren die geproduceerd worden door 

gespecialiseerdee cellen en direct worden afgescheiden in het bloed om vervolgens 

eenn effect te induceren op afgelegen doelwitcellen. Aangaande de metabole en 

(neuro)) endocriene parameters bestudeerden wij in feite of IFN-y een hormoon is. 

Ditt concept wordt ondersteund door de biologie van IFN-y. Net als hormonen 

(zoalss erytropoietine, groei hormoon en leptine) en net als andere cytokinen, 

induceertt IFN-y zijn effect via de superfamilie van cytokinen met een vergelijkbaar 

transductiee pad, de "JAK/STAT pathway". Bovendien wordt de IFN-y receptor tot 

expressiee gebracht op alle cellen die een kern bezitten. Vanuit een moleculair 

standpuntt bezien, is IFN-y dus niet te onderscheiden van wat klassieke hormonen 
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wordenn genoemd en zou IFN-y theoretisch op alle systemen die aan IFN-y worden 

blootgesteld,, een effect kunnen induceren. Inderdaad worden in vitro effecten van 

IFN-yIFN-y gemeld op een grote verscheidenheid aan cellen die worden geassocieerd 

mett metabole en endocriene regulatie. Zo heeft IFN-y bijvoorbeeld in vitro effecten 

opp humane thyrocyten. 

InIn vivo, in studies met mensen, konden wij echter aantonen dat IFN-y in een 

niet-geactiveerdd systeem vrijwel volledig los staat van het endocriene syteem, daar 

IFN-yy geen effecten induceert op hormonale regulatoire paden. De observatie dat 

eenn molecuul dat het zelfde receptor-type gebruikt als vele andere cytokinen en 

hormonen,, een receptor gebruikt die op vrijwel alle lichaamscellen aanwezig is en 

datt effecten induceert op hormoon-gerelateerde cellen in vitro, maar in vivo geen 

effectenn induceert op hormonale paden, is nogal fascinerend. Nog fascinerender is 

datt deze waarneming in contrast staat met het effect van een ander interferon, IFN-

cc,, dat van eenzelfde JAK/STAT activerende receptor gebruik maakt en wel 

aanzienlijkee metabole en endocriene effecten induceert in mensen in vivo. Het 

ontrafelenn van de moleculaire aspecten van de signaaltransductie paden van IFN-y 

enn IFN-a geeft vooralsnog geen verklaring voor de uiteenlopende effecten van 

dezee twee interferonen. 

Inn tegenstelling tot de situatie bij gezonde vrijwilliger s bleek, verrassend 

genoeg,, dat IFN-y in een geactiveerd systeem in vivo wel een effect op de lipolyse 

enn een daling van de glucose productie induceerde. Dit laatste fenomeen is uniek in 

diee zin dat het bij mensen, in vivo, nooit eerder is waargenomen. Het blijkt daarom 

datdat bepaalde metabole effecten van IFN-y ogenschijnlijk afhankelijk zijn van de 

aanwezigheidaanwezigheid van een inflammatoire toestand. 

Dee bevinding dat IFN-y niet Just Another Cytokine (JAC) is, wordt 

geïllustreerdd door de vergelijking van metabole en endocriene parameters uit de 

IFN-yy studies met die uit de TNF-a, IL-6 en IFN-a studies. Zoals weergegeven in 

tabell  I van hoofdstuk 10, zijn de verschillen tussen de huidige en voorgaande 

studiess niet te wijten aan verschillen in dosis- of plasma concentraties. Dus, er is 

eenn fundamenteel verschil met betrekking tot de invloed op metabole en 

endocrienee regulatie tussen IFN-y en de andere cytokinen. Bovendien gelijkt IFN-y, 

datt algemeen wordt beschouwd als een pro-inflammatoir cytokine, niet op het 

prototypee pro-inflammatoire ctyokine TNF-a, welke een onmiskenbare 

hypermetabolee toestand veroorzaakt. Een vergelijkbare hypermetabole toestand 
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werdd veroorzaakt door IL-6 toediening aan mensen, terwijl nu juist IL-6 wordt 
beschouwdd als een anti-inflammatoir cytokine. Het lijk t dientengevolge, metabool 
enn endocrien gezien, niet juist om cytokinen te categoriseren in pro-en anti-
inflammatoiree groepen. 

Immunologie Immunologie 
Dee immunologische effecten van IFN-y zoals bestudeerd in dit proefschrift 
betreffenn met name de cellulaire immuniteit. Een door IFN-y geïnduceerde in vivo 
toenamee van FcyRI en HLA-DR expressie op granulocyten respectievelijk 
monocytenn was reeds eerder aangetoond. De specifieke effecten van IFN-y op 
leukocytenn dynamiek geven echter nieuwe inzichten. Alhoewel een direct effect 
vann IFN-y op adhesiemoleculen op leukocyten en endotheel niet kan worden 
uitgesloten,, lijkt een rol voor IFN-y geïnduceerde chemokinen in dit opzicht 
plausibel.. Zoals in hoofdstuk 5 en 9 aangetoond werd, geeft IFN-y een vroege 
stijgingg van plasma IP-10 spiegels, welke in tijd gelijk loopt met het verdwijnen 
vann lymfocyten en andere leukocyten, zoals beschreven in hoofdstuk 4. Het 
vrijkomenn van chemokinen en hun rol in de subset-specifieke migratie moet dus 
wordenn overwogen. EP-10 induceert preferentieel effecten op geactiveerde T-cellen 
welkee de CXCR3 chemokine receptor tot expressie brengen. Dit kan verklaren 
waaromm IFN-y een predominant effect induceert op cellen van de memory/effector 
subset.. Opvallend is dat bij gezonde vrijwilligers IFN-y toediening tot het sparen 
vann de naive cellen in de CD8+ subset, terwijl er geen effect werd gemeten op 
naïevee cellen in de CD4+ subset. In postoperatieve patiënten werd juist het 
preferentieell  verdwijnen van memory cellen uit de CD4+ subset waargenomen. Dit 
verschill  tussen gezonden en postoperatieve patiënten is niet verklaard. Naïeve 
cellenn recirculeren preferentieel door secundair lymphoid weefsel, terwijl memory 
enn effector cellen ook circuleren door extra-lymfoïde "effector sites". De rol van 
IFN-yy lijk t in dit opzicht van belang. Gedurende acute symptomatische humane 
immunodeficiëntiee virus infectie, wordt een duidelijke depletie van zowel CD4+ 
alss CD8+ lymfocyten uit het bloed gezien. Het verdwijnen en het terugkomen van 
dezee cellen correspondeert met de hoogte van de IFN-y en TNF-a spiegels in het 
bloed.. Net als in de gezonde vrijwilliger-studies werd het effect van IFN-y op 

195 5 



Samenvatting Samenvatting 

lymfocytenn bij de postoperatieve patiënten waargenomen ondanks dat er in deze 

laatstee groep sprake was van een aanmerkelijke postoperatieve lymfocytopenie. 

Terwijll  de memory CD4+ cellen bovendien preferentieel verdwenen, konden wij 

aantonenn dat IFN-y toediening de activatiedrempel van de resterende cellen 

verlaagdee en dat daarom door IFN-y een dalende CD4+ T-cell reactiviteit kon 

wordenn voorkomen. Dus, naast de algemeen geaccepteerde niet-functionele maat 

voorr cellulaire immuniteit -HLA-DR expressie op monocyten- toonden wij hier 

aann met een functionele assay dat IFN-y mogelijk de specifieke cellulaire 

immuniteitt in immunogecompromiteerde patiënten verhoogt. Bovendien toonden 

wijj  aan dat IFN-y de ex vivo gestimuleerde productie van IFN-y stimuleert, hetgeen 

wederomm wijst op een toename van de cellulaire immuniteit. 

DefinitieveDefinitieve beschouwing 

Wijj  concluderen dat vanuit een metabool en endocrien perspectief, IFN-y geen JAC 

is,, daar IFN-y in zijn effecten duidelijk verschilt van TNF-a, IL-6 en IFN-a in 

mensenmensen in vivo. Voorts postuleren wij dat metabool en endocrien gezien, het 

categoriserenn van cytokinen in pro- en anti-inflammatoire groepen irrelevant is. 

Bovendienn blijkt dat de effecten van IFN-y op metabole en endocriene parameters 

zoalss gemeten in dit proefschrift afhankelijk zijn van het systeem waarin IFN-y 

geïntroduceerdd wordt. Verschillen tussen systemen komen ook aan het licht op 

immunologischh gebied, daar effecten van IFN-y op leukocyten dynamiek specifiek 

zijnn voor verschillende subsets maar verschillen tussen een niet-geactiveerd en 

geactiveerdd systeem. Ook had IFN-y selectieve effecten op de inflammatoire 

responss in gezonde mensen, terwijl de inflammatoire response in postoperatieve 

patiëntenn niet werd verergerd. Tot slot bleek IFN-y toediening aan postoperatieve 

patiëntenn de antigeen specifieke cellulaire immuniteit te verhogen. Aangezien IFN-

yy de antigeen specifieke cellulaire immuniteit verhoogt zonder klinisch belangrijke 

negatievee effecten op metabole, endocriene en inflammatoire parameters, 

concluderenn wij dat IFN-y bij patiënten met uitgebreide weefselschade een 

mogelijkk heilzame rol kan spelen in het voorkomen van infectieuze complicaties. 
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EENN NIEUWE VINDIN G 

DeDe klant komt de winkel binnen, met een gedeukte en smerige 
doosdoos onder zijn arm. 

K L A N TT G o e d e m i d d a g! 

V E R K O P ERR G o e d e m i d d a g. 

DeDe klant iet de doos op de toonbank 

K L A N TT U z o u dt me een g r o ot p l e z i er doen a ls u eens een b l i k op d i t 
d i err z o u dt w i l l e n w e r p e n. 

V E R K O P ERR Om we lk d i er g a at h e t? I k kan mij n i et h e r i n n e r en u er 
o n l a n gss een te h e b b en v e r k o c h t. 

K L A N TT een h o n d. Of l i e v er g e z e g d, een p o e s. I k heb k o r t om de 
i n d r ukk d at ik mij een oor h eb l a t en a a n n a a i e n. 

V E R K O P ERR Licht het deksel van de doos. 
Wee z u l l en eens k i j k e n. D i t i s i n d e r d a ad een p o e s, m a ar d a ar 
i ss d an ook a l l es mee g e z e g d. Goe ie h e m e l, wat een a k e l i ge 
l u c htt zeg! W a ar h e bt u d ie op de kop g e t i k t? 

K L A N TT (bedremmeld) Op de d i e r e n m a r k t. 

V E R K O P ERR D a ar was ik al b a ng v o o r. Op de d i e r e n m a r kt s t a an n o g al 
watt v e r k o p e rs d ie n i et van h i er z i j n . Ze n e m en h et n i et zo 
n a uww met de h y g i ë ne en doen de d i e r en ver o n d er de v a s t g e-
s t e l dee p r i j s van de h a n d. P o l i t i e en j u s t i t i e k n i j p en een 
oog jee t o e, en de d e t a i l h a n d el b l i j f t met de b r o k k en z i t t e n. 

K L A N TT I k k an me wel v o or m i j n kop s l a a n, d at ik mij a ls de M a g e re 
F r a nss met de f l u i t het t u n n e l t je in heb l a t en s t u r e n. 

V E R K O P ERR Nou, i k zal k i j k en w at ik v o or U kan d o e n. 

DeDe verkoper haalt van onder de toonbank een slang te voor-
schijn.schijn. Aan het uiteinde van de slang is een soort drukmeter 
bevestigd. bevestigd. 

K L A N TT W at is d a t? 

V E R K O P ERR D i e r e n b u b b l e d o u c h e. Een n i e u we v i n d i ng u it de V e r e n i g de 
S t a t e n.. O v er e n k e le m i n u t en r u i k t uw poes w e er a ls om d o or 
eenn r i n g e t je te h a l e n. 
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DeDe verkoper sluit de slang aan op de doos. Hij draait aan de 
drukmeter. drukmeter. 

V E R K O P E RR Zo, p r o g r a m m a z e v e n. Daar  douchen ze in de d i e r e n t u i n de 
n i j l p a a r d e nn mee af. 

KLAN TT De N i j l p a a r d e n ! Mi j n God, a ls j e die g a s t en soms door  de 
modderr  z i et r o l l e n . . . I k zou n iet g raag in de s c h o e n en van 
dee o p p a s s er  w i l l e n s taan die daar  met de s p o ns en de emmer 
o v e r h e enn moe t. 

V E R K O P E RR Wat zegt u. Daar  gaat i e . .. 
DeDe verkoper draait de kraan open. 
ErEr klinken geluiden van onder hoge druk spuitend water en een 
blazendeblazende en miauwende poes. 

EvenEven later 

VERKOPE RR Di e s l agz in van de rec lame s laat de sp i j ker  op z i j n kop: 
Hee ftt  u v ieze hond of poes? 
Dann is er  nu de d i e r e n b u b b l e d o u c e! 

DeDe verkoper haalt het deksel van de doos. 

KLAN TT En? I s de poes weer  lekker  f r i s a f g e d o u c h e t? 

V E R K O P ERR Kijkt in de doos. 
Mi j nn God! 

K L A N TT Kijkt ook in de doos. 
Goe iee h e m e l. Wat z i j n dat? 

V E R K O P ERR Steekt zijn hand in de doos, haalt er iets roodkleverigs uit. 
F u s t e n! ! 

KLAN TT F u s t e n !? I k dacht dat die a l l een op de z a n d g r o n d en 
v o o r k w a m e n. . 

V E R K O P E RR M i s s c h i en hee ft deze poes wel l anger  op de z a n d g r o n d en 
d o o r g e b r a c htt  dan goed voor  hem is. Maar  we z u l l en deze 
koee eens even b i j  de ho rens va t t en 

KLAN TT H o e v e el f u s t en heeft de poes nou h e l e m a a l? 

V E R K O P E RR V i j f e n d e r t i g ! 

EvenEven later 

V E R K O P E RR Zo, dat was de l a a t s te fus t. 

Moett  u v a n d a ag nog ver  met die poes? 

KLAN TT I k zou e i g e n l i j k v a n d a ag naar  de w e d s t r i j d en g a a n. 

VERKOPE RR Naar  de w e d s t r i j d e n ! En op we lke baan hee ft u deze poes 
i n g e s c h r e v e n? ? 
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KLAN TT Baan v ie r . 

V E R K O P E RR Nou, met d i t exemp laar  zu l t U n iet in de p r i j ze n v a l l e n. 
Heeftt  U de D i e r e n k r a n t dan n iet g e l e z e n? 

KLAN TT S inds het b u i t e n g e w o on i n s i n u e r e n de en op n ie ts ges toe lde 
a r t i ke ll  in D i e r e n k r a n t over  de r o t g a n z en en de w i j z e waarop 
dezee v o g e ls de v o g e l t r ek aan hun l a a r s l appen heb ik mi j n 
a b o n n e m e ntt  o p g e z e g d! 

V E R K O P E RR Dat had u be ter  n iet kunnen d o e n. Dan had u nu t e n m i n s te 
g e w e t enn dat vanm iddag in baan v ier  de Du i t se R o t w e i s s i s c he 
S c h m e i s s e l h u ndd van s ta rt gaa t. 

KLAN TT De R o t w e i s s i s c he S c h m e i s s e l h u n d! Wat hebben d ie D u i t s e rs 
h ierr  e i g e n l i j k te zoeken. Laat ze in hun e igen land b l i j ven . 
Mett  de b u i t e n g e w o on sne l le S c h m e i s s e l h u n d en snoepen ze 
h ierr  bi j  e lke w e d s t r i j d immer s de k ren ten al van de pap nog 
v o o r d att  de koers ge lopen i s! 

DeDe telefoon gaat. 

V E R K O P E RR De d i e r e n w i n k e l , g o e d e m i d d a g. (Bedekt de hoorn, dan tot de 
klant.)klant.) De w e d s t r i j d e n . .. J a . .. Hoe zegt u . .. Ach heme l . .. 
Nee,, voor  de D u i t s e rs is dat n a t u u r l i j k n iet zo leuk, maar 
aann de ander  kan t . . . Nee, n a t u u r l i j k v in d ik het ook v e r v e-
lendd (Knipoog naar klant.) Het bes te d ' r  mee . .. 
G o e d e m i d d a g!!  (Hangt op.) Dat wa ren de w e d s t r i j d e n . De 
S c h m e i s s e l h u ndd is enke le uren g e l e d en t i j d e n s het i n l open 
opp de E-5 t e r e c h t g e k o m e n, maar  dan wel in t e g e n g e s t e l de 
r i j r i c h t i n g . . .. Baan v ier  l i ch t voor  U o p e n! 

KLAN TT  Tot poes in doos. 
Datt  w o r d t l open b roer ! 

V E R K O P E RR Haalt grote pepermolen van onder de toonbank tevoorschijn. 
H i e r ,, a l s t u b l i e f t . . . Het i s e i g e n l i j k v e r b o d e n, maar  twee 
f l i nk ee zw iepen aan de mo len v lak v o or  de s t a r t , en uw poes 
k r i j g tt  een remweg waar  een h a z e w i n d h o nd nog geen d roog 
b roodd van l us t . 

KLAN TT  Neemt doos onder zijn arm 
I kk  weet n iet hoe ik u moet b e d a n k e n. Maar  nu moet ik 
e r v a n d o o r.. De w e d s t r i j d en w a c h t e n. G o e d e m i d d a g! 

V E R K O P E RR G o e d e m i d d a g. 

WeWe horen hoe buiten de winkel de klant aan de pepermolen 
begintbegint te draaien. 

V E R K O P E RR Roept. 
N e e n!!  N iet h ie r , o n g e l u k k i g e! 

DoorDoor de etalageruit is een enorme rookontwikkeling zicht-
baar.baar. De poes is kennelijk al voortijdig van start gegaan. 



EenEen nieuwe vinding 

Voorgaandee tekst (onder de titel "Dierenbubbledouche") werd overgenomen uit "de 
Dierenwinkel""  van Jiskefet (De Harmonie, ® 1995 Jiskefet) met toestemming bij monde van 
Hermann Koch. 
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Dankwoord d 

Noestee lezer, doorzetten is geboden! Nog even de tanden op elkaar gaarne; de auteur van 
ditt boekje stelt het zeer op prijs indien er kennis van wordt genomen wie hij dankbaar is 
voorr alle aan hem geleverde mogelijkheden, steun, gezelligheid en aanmoedigingen, die, in 
samenwerkingg met velen, uiteindelijk leidden tot hetgeen waarvan U in het voorgaande 
kenniss nam. 

Uitt eigen waarneming is bekend dat "prioritering" in het dankwoord zeer zorgvuldig 
geanalyseerdd wordt door de lezer. Met name wetenschappers hebben een ononderdrukbare 
neigingg de volgorde van vernoemden uitgebreid te duiden. Echter, waar enerzijds uit de 
volgordee van opkomst gedestilleerd lijk t te kunnen worden wie de positie van sleutelfiguren 
toegedichtt wordt en wie een zogenaamd minder cruciale rol in de totstandkoming van een 
enn ander heeft vervult, doet anderzijds het hechten van waarde aan een vermeende 
hiërarchie,, onrecht aan aan velen. Het twee dimensionale karakter van een A5-je echter, 
laatt niet veel ruimte voor het omzeilen van de onvermijdelijke opsomming. 

Zeer,, zeer bijzonder wil ik bedanken mijn drie hooggeschatte (co-)promotores, 

Hooggeleerdee Sauerwein, beste Hans. Jaren terug meldde ik me sidderend en bevend bij je 
aann om te vragen of ik mee mocht luisteren bij de research-besprekingen van de Metabole 
Groep.. Met geen mogelijkheid had ik toen kunnen bedenken dat er achter een Professor zo 
veell  mens zichtbaar zou kunnen worden als ji j in de tussentijd hebt laten zien. Nadat ik het 
IFN-yy project onder Hans Romijn begonnen was, nam ji j na enige tijd de fakkel van hem 
over.. Wat betreft de research ben je sindsdien als een vader voor mij geweest ("maar Hans, 
watt is dan de maat der dingen?". "Jesje, ik ben de Gouden Standaard"). Onvergetelijk en 
vrijwell  onbeschrijflijk is het gevoel van totale verwarring waarmee ik na een bespreking zo 
nuu en dan je kamer verliet; een absurde mengeling van verkregen inzichten, jubelend 
enthousiasme,, volledig afgebroken en weer zorgvuldig gerestaureerd zelfvertrouwen en het 
knagendee besef dat je met je snelheid van denken mij bij je eerste zin al weer op een 
lichtjaarr achterstand had gezet. Anderzijds onvergetelijk -en licht beangstigend- is het om je 
voorr me uit een be-ijste piste af te zien denderen of om met je Noord-Holland door te 
pedalenn op een tocht voorzien van een portie pedisch bijremmen. Zelfs het nachtelijk 
opstartenn van een proef op de afdeling werd een happening die ik al snel meer zag als 
waardevoll  moment dan een opgave. Je jeugdige interesse in mensen en wat mooi is, vind ik 
bijzonder.. Hans, heel veel dank. 

Hooggeleerdee ten Berge, beste Ineke. In de hectische (klinisch-) academische 
wereldd was het werken met jou (voila) zowaar rustgevend. Tussen alle vele bedrijven door 
werdenn duidelijke tijdvakken ingeruimd waarin ik mijn vragen op je af mocht vuren en je 
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daarr dan volledige aandacht voor had. Je begripvolle houding gecombineerd met duidelijke 
stellingnamess gaven altijd een zeer prettige basis om op te werken. Het geduld datje immer 
opbrachtt om de xste versie van een artikel minutieus te corrigeren en aan te vullen is meer 
dann bewonderenswaardig. Je enthousiasme om de immunologische studies van de grond te 
krijgen,, leidde, achteraf bezien, niet alleen tot een zeer bijzonder project, maar bleek zelfs 
essentieel.. Ineke, heel veel dank. 

Hooggeleerdee Romijn, beste Hans. Het is af! In de zomer van '96 meldde je me 
datjee een leuk projectje voor me had. In de zomer van '97 sprak je de -toen voor mij totaal 
cryptische-- tekst, dat ik mijn s-je weg moest poetsen. Nu, in de zomer van 2000 lijk t het 
projectt zowaar afgerond en vervaagt het s-je reeds. Je rol als begeleider, eerst prominent en 
laterr vanaf de achtergrond, is van onschatbare waarde geweest. Totaal onverwachte 
telefoontjess vanuit Amsterdam of Leiden, 's morgens vroeg of in de avonduren, werkten 
katalyserend,, zelfs katapulterend. Je inlevingsvermogen, continue steun en betrokkenheid 
("Jee moét gewoon door een dal") en unieke kijk op het leven en de wetenschap ("de 
werkelijkheidd is virtueel") waren kostbaar en leerzaam. Meer dan memorabel waren de 
prikactiess in studenthuizen, zo gezellig bijgestaan door Abel. Hans, heel veel dank. 

Veell  dank ben ik verschuldigd aan alle patiënten en gezonde vrijwilliger s die met zoveel 
geduldd een essentiële rol vervulden in de totstandkoming van alle in dit proefschrift 
beschrevenn studies. 

Heell  hartelijk wil ik danken alle (oud-) collega's van de Metabole Groep die op 
hett AMC en vaak daarbuiten zo veel (fysieke) steun en (geestelijke) prettige afleiding 
gaven.. Dank Alberto (ook zwarte wetenschappelijke pistes praatten we elkaar af, dank ook 
Lenki),, Anne (en la Bomba), Anne Mieke, Cora, Evelien, Fleur (zonder jou geen eerste 
proef),, Fred, Hazra-WPS.l-Moeniralam, Liza, Marc (collega van vóór het jaar nul), Noortje 
(lichtendd voorbeeld als boerin van de interferon-melkkoe), Paulus (geen lid maar logé) en 
Peterr (paranimf, we begonnen als Jos en Edgar, en eindigen door tussenkomst van een 
gipswandjee als buurman en buurman. In beide rollen was je soft- en hardware 
ondersteuningg legendarisch), dr. Thien. Meteen ook hier wil ik danken de medewerkers van 
hethet Endolab en in het bijzonder Erik voor alle vlekkeloze ondersteuning en An en Mariëtte 
voorr de professionele en immer snelle levering van een macht aan data. Jullie strenge 
richtlijnenrichtlijnen betreffende flowsheets en etiketten/etiquette waren vormend. De medewerkers 
vann de afdeling Endo op F5Z wil ik danken voor de gezelligheid gedurende het afgelopen 
jaar,, in het bijzonder Marga, Renée en Theo. Marleen bedank ik voor alle geestdriftige 
aanmoedigingenn in de rol van ervaringsdeskundige. 

Dankenn wil ik alle Skil-ers. Theo Out voor de gastvrijheid en het kritisch volgen van het 
project,, René van Lier voor het aan tafel zitting nemen tussen Rob en mij, het koppelen van 
onss en wat daaruit voort kwam, Peter Wever, René Meijer, Laila (en lekker dineren), Si-La, 
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Tonny,, Christa, Ming voor de gezelligheid. Ook Frederiek, Marianne & Monique (voor alle 
onderhoudendee en gezellige prietpraat tijdens pipetteer-festijnen) wil ik danken en tevens 
Mieke,, Marièlle en vele andere Skil-ers. Bijzondere dank ben ik verschuldigd aan Richard 
diee met oneindig veel geduld mij m'n grootse vriendin op het Skil, Elisa, uiteindelijk toch 
hanteerbaarr liet maken en die met toewijding eindeloze hoeveelheden bloed door 
centrifugess joeg. Dank Richard. Ook Frank, heel er veel dank, voor je laagdrempelige 
toegankelijkheidd voor invallen en oplossen op de meest onmogelijke tijden. Bijzonder wil 
ikk bedanken Rob voor de zeer gezellige HPB-martelaars (-feest-) dagen. Onze 
samenwerkingg was voor mij zeer leerzaam. Hier ook wil ik danken Madeleine voor het 
belangrijkee aandeel in de HPB-proeven, de essentiële bijdrage aan het optimaliseren van het 
protocoll  en het bewijzen dat een Picker-assay ook in twee uur kan gebeuren. 
Bedankenn wil ik Erik Hack (en Anke Eerenberg) en Marcel Levi voor het mogen/laten 
verrichtenn van vele bepalingen. Professor Gouma wil ik danken voor de zeer prettige 
samenwerkingg en de ruimte die ons werd gegund om proeven te kunnen verrichten op de 
afdelingg Heelkunde. Ook wil ik bedanken de medewerkers van buro opname op G6 en de 
verplegingg van G6N en G6Z voor alle geduld en hulp als ik een hele dag op de afdeling 
doorbracht. . 
Essentieell  om het leven op een breed veld aangenaam te houden was de aanwezigheid van 
velee (semi-) buitenstaanders. Dank voor het immer luisterend oor en de vele uren afleiding 
zeergeleerdee Lauw (Fan, dank voor al je raad en daad), Gabor (daadwerkelijk paranifschap 
rondd de 29e, terwijl een embryonale réciproque vorm binnen en buiten 't AMC reeds 
bestaatt sinds '92. Zondermeer duidelijk: 2015 is overbodig!), Marliesje, Martine (wat voor 
Kraut?)) en last but zeker not least, Melina. O.P. dat we nog vaak mogen toasten! 
Uitwaaienn gebeurde met de KNZ&RV Jeugdzeilers. All e weekends en weken op het 
IJsselmeerr en zeeën gaven extra frisse zin om er weer een week tegenaan te gaan. Dank 
voorr alle betrokkenheid bij mijn ver-van-j ullie-bed-show. 
Dankk ook Olie (en onnoemelijk veel vriendschap), Ard (en essentiële inzichten), Maithe en 
lievee familie (Nel, Hans, Karla en Maurits) en Lucie voor alle continue interesse. Ook is 
juistt in dit boek de plaats om in herinnering te houden Harry. 
Eenn bijzondere rol vervulde de afgelopen jaren mijn lieve zusje. Sanne, heel veel dank voor 
jee niet-aflatende betrokkenheid bij mijn gewetenschap en het gedogen van een broertje dat 
dee AIO uithangt. 

Nietss van alles was mogelijk geweest zonder de immer immense liefde en steun van mijn 

ouders.. Lieve Die en Mieke, ik ben julli e innig dankbaar voor wat julli e me gaven. 
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Curriculu mm Vitae 

Jessee de Metz, geboren op 21 juni 1973 te Amsterdam, bracht de eerste twee jaren van zijn 
levenn door op een steenworp afstand van de plaats waar later de Gezondheidstempel, die 
menn AMC noemt, zou verrijzen. De middelbare school werd doorlopen op het Baarasch 
Lyceumm te Baarn, in de periode waarin hij woonachtig was in het dorp Soest. Alhoewel in 
diee periode de gedachte speelde scheepsbouwkundige, loods of berger te worden, besloot 
hijj  om uiteenlopende redenen dat het beter was niet van zijn hobby een beroep te maken of 
andersom.. Aldus bleef hij verwoed zeiler en tekende bootjes in de kantlijn van 
collegediktaten,, gedurende zijn studie Geneeskunde die in 1992 begonnen werd aan de 
Universiteitt van Amsterdam. Tijdens de juniorcoschappen van deze studie kwam hij in 
contactt met de onderzoeksgroep van Prof. dr. H.P. Sauerwein, hoogleraar in de 
energiestofwisselingg aan de UVA. Onder leiding van -toen nog- dr. J.A. Romijn 
(momenteell  hoogleraar in de inwendige geneeskunde, in het bijzonder de 
stofwisselingsziektenn en endocrinologie aan de UL) en -toen nog- dr. R.J. ten Berge 
(momenteell  hoogleraar in de klinische immunologie aan de UVA), startte hij in de zomer 
vann '96 het project dat later een promotieonderzoek zou gaan worden. Dit onderzoek leidde 
tott het voor U liggende proefschrift. Na zijn promotie (Deo volente) zal Jesse de Metz in 
hethet najaar van 2000 aan zijn co-schappen beginnen. 
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